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CHAPTER I. 



Pocket Section — Setting out Levels of Cuttings and Embank- 

mentSy Viaducts, Bridges, ifc. 

1. In the first part of the " Assistant Engineer's Railway Guide/' 
the principally intended purpose was to give instructions to the 
uninitiated with regard to the methods most usually employed 
by practical men to ascertain by '* boring/' the nature of sub- 
soils^ stratification^ foundations^ &c. ; to set out the tangents 
and curves of the permanent centre line of an intended railway ; 
to take the levels for the working section, the art of levelling 
being supposed known to the reader ; and to set out the widths 
required for the slopes of excavations and embankments. On 
these subjects we will simply repeat at present, that in taking 
the levels, particularly over a rough country, the permanent 
posts, which are to be referred to as so many bench marks, 
should not be more than 10 or 12 chains apart; that there 
should be one at each end of every cutting, near every road to 
be crossed, at both ends of all viaducts and tunnels ; that they 
should be well secured from mischief, and at sufficient distance 
from the foundations, so that they need not be interfered with by 
excavating ; and if these works are to be of any magnitude, there 
should be sufficient intermediate posts. As the levels of these 
important constructions will be obtained from these posts, too 



much care cannot be bestowed in obtaining their real height as 
referred to datum. Let me persuade the young practitioner, 
that the gratification he will feel at finding the string courses of 
his bridges and viaducts at their true height and gradient, the 
formation of a tunnel at the intended levels, will alone amply 
reward him for his trouble, independently of a reputation for 
accuracy, which he will not fail to obtain in the opinion of a 
judicious chief, as also in the estimation of directors. Let him 
beware of the vaunts of " rough-and-ready men,** (rough work 
and readiness to blunder), who disguise their incapacity and 
ignorance by pleading the impossibility in practice to obtain 
truly correct levels ; for if there be any truth, rationally speak- 
ing, in this excuse, the greater should be the engineer's care to 
avoid errors, and not to do his work in a slovenly manner, 
whereby he may double and treble his " mistake*^ ; and he will 
find that contractors, masons, bricklayers, &c., will be careful 
and attentive exactly in proportion to the care and attention 
which he himself bestows on the works. This observation ap- 
plies exactly in the same sense, and to same extent in setting 
out works. He will, moreover, have the satisfaction of know- 
ing, that his mind on this subject will be at ease as the works 
proceed, and that no reproach can be made to him ; on the con- 
trai7, an error of this kind carried out can be considered little 
better than wilful neglect of duty, 

2. The levelling book of the working section, with a correct 
sketch of the ground, or a pocket section, is constantly required 
on the works. The following is one of a most useful kind ; it 
is prepared after the section has been plotted, and the gradients 
laid down. The angles formed by the nick with existing roads 
and rivers, or streams, should be entered, and the number of 
the drawing referring to the same as soon as prepared. The 
depths of cuttings and heights of embankments are also set 
down in their proper columns, and in that headed " distance'* is 
noted the chainage where the nick intersects walls and fences. 
By the help of this, when stumps and level pegs have been long 
removed, their position with regard to distance may at any time 
be found. As soon as the widths have been set out, according 
to instructions given in the first part, these, also, can be set 



down in the half width columns ; also the cubic quantities per 
chain in their proper column^ as soon as they have been ascer- 
tained, which, where the earth work is heavy, particularly in 
sidelong ground, should always be admeasured from cross sec- 
tions, taken at every chain stump, at the earliest opportunity. 
All bench marks given for the guidance of the excavators, ma- 
sons, &c., should be entered in this book, with the date, as, also, 
any memoranda with regard to the nature or state of the works ; 
it should be a register always ready for inspection, as well as for 
verification of the accuracy of his operations in very many re- 
spects. 
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3. The above portion of a section book shows part of a line 
now near completion; at page 4y chainage 2 miles 41.40, is a 
skew bridge, of which the angle is 40°.50' ; at one side the depth 
of foundation is 120.00, and on the other side 120.50; a B.M. 
122.00 above datum, was cut on the masonry which was 20 feet 
below the intended formation of over road. At 2 miles, 55.20 is 
the abutment of a viaduct with depth of foundation 95.00 ; for- 
mation here being 133.15, the depth of foundation was 38.15 
below formation ; but the rise with the thickness of arch stone 
is 15' 6'', springer 1 = 16'.6" to be deducted from 38.15 = 
21.65, or 21' 8" below springer, which height should be insert- 
ed on the contractor's memorandum book, and signed by the 
engineer. The other piers and abutments should be treated in 
the same way. At 2 miles 64.00 is a junction of curves ; two 
stumps, forming one line with the centre stump, have been driven 
in at the distance of 75 ft. on the left, and 88 ft. on the right, 
and these dimensions being booked, it is easy, as soon as re- 
quired, to find this point, and to set out the curves for the per- 
manent way. The same remarks occur further on, these dis- 
tances being always marked by x , the left side being always 
understood to be on one side of the line, and the right on the 
other, whichever way we may be looking, and this to avoid con- 
fusion of sides. These various notices of the requisite memo- 
randa may appear trifling to old practitioners, but it must be 
remembered, that throughout these pages the information offered 
is not for them, but for those who have yet to learn, and these 
latter may believe the assurance made to them, that in systema- 
tically keeping all these notes and memoranda, they will ensure 
the readiest and the best means of preserving their work from 
uncertainty and confusion. 

4. Cross sections should be taken from right to left, or left 
to right, through the centre line, particular care being given to 
note in the field book the direction in which this has been 
done, that they may be plotted in the same direction, and that 
it may at all times, and by any one, be known which is the 
right or left of the line shown by these sections ; it is scarcely 
more necessary to add, that the chainage and levels at the cen- 
tre must in particular be noted, in order that the proper depth 
may be set off at the distance, to show the quantity of excava- 
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tion, or embankment ; for this purpose a card board templet^ 
with a base of 30 ft., 31 ft., or 33 ft. ^iq. i. 

as the case may be, made to a suit- 
able scale with the slopes cut to the 
"ratio of slope,^' as 1 to 1, or Ij 
to 1, as may be determined upon, 
will be found an accurate and ex- 
peditious little instrument. Fig. 1 
will at once explain this. They 
must always be plotted to a natural 
scale ; 20 ft. to the inch will not be 
found too large for accurate admea- 
surement of the sectional area, and 
for checking the setting out of slopes 
when this latter operation has been 
previously done. The cross sec- 
tions must all be carefully num- 
bered, and the numbers entered on 
the pocket section at their respective 
chain stakes. Where side cutting 
is expected, the cross sections must 
be produced, so that the quantities 
of excavation may be accurately as- 
certained therefrom. The levels for 
these cross sections must undeniably 
consume considerable time, but with 
irregular surfaces, as shown at Figs. 
2 and 3, what other means are there 
of correctly ascertaining quantities ? 
In one case the contractor suffers, and 
in the other great injustice is done 
to the company. Again, in cuttings 
of 30 ft., 40 ft., and 50 ft., where the spread from edge to edge 
of the slopes would be from 120 ft. to 180 ft,, it is next to im- 
possible when measuring up to obtain this length with accuracy, 
particularly in sidelong ground, and if we have a curved surface 
matters are still worse ; hence difficulties, disputes, and litiga- 
tion ; even before the completion of works it is so easy, in case 
of uncertainty or variance in admeasurements, to set off any ex- 

B 2 
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cavation in whatever state^ and to obtain true quantities, that 
these documents are really invaluable. At the end of this 



Fig. 2. 



Fio. 3. 





work will be found tables of sectional areas for the calculations 
of earthwork from these cross sections. 

5. An inclined plane is one inclined to the horizon, and 
by the term " gradient/^ numerically expressed, we imply the 
proportion which the height of rise or fall of the inclined plane 
bears to the length of the said incline, as 1 in 100, I in 200, 1 
in 300, are expressions which mean, that in 100 ft. the rise or fall 
is 1 ft., that in 200 ft. the' rise or fall is 1 ft. &c., &c, ; and by keep- 
ing 1 as a constant number, the various proportions which in- 
clined planes bear to each other is better expressed and under- 
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stood than by varying both expressions, or employing fractional 
quantities. Having to ascend or descend to a given point above 
or below the starting point, and along a given route, we shall 
know by levels and measurements the height of ascent or de- 
scent, and the distance by which the difference of levels will be 
regulated into one or more inclined planes ; for a short distance, 
and slightly undulating ground, this may often be done by one 
incline ; for any considerable length, more particularly in a 
broken country, hills and valleys, rivers, canals, and roads, will 
compel us to consider these as guiding circumstances, or we must 
encounter innumerable tunnels and viaducts, and disproportionate 
cuttings and embankments, expensive bridges, and other cross- 
ings ; but a well regulated series of inclined planes graduated in a 
measure proportionately to the inclination of hill and valley, 
skirting along the one and skimming over the other, and reaching 
from height to height, enable us, by moderate works, and there- 
fore at a moderate expense, to attain the desired end ; and gene- 
rally the reaching from valley to hill, and hill to valley, the cross- 
ing of rivers and roads, the equalization of excavations and em- 
bankments, will be the existing circumstances in compliance with 
which certain heights are to be reached, and by which the inclined 
planes, and therefore the gradients, will be determined. The 
working section will show a vertical plane passing through these 
various points, the relative heights of which have been ascertain- 
ed by levelling, and their distances from each other being known, 
it remains to calculate the gradients. At distance 3 miles 8.00, 
(page 8), there is an incline which is to reach from 161.64 above 
datum to 14.50 above a road, which is 6.50 links further on ; 
the level of the road is 151.43 above datum, and 151.43 + 
14.50 = 165.93 ; but 165.93 = 161.64 -f 4.29, or the difference 
of level between a point we have reached on the section and one 
to be attained. But 650 links are equal to 429 ft., and this 
divided by 4.29, the difference of level will give 1 in 100 for the 
gradient ; for 4.29 : 429 : : I : 100, or AB : BC : : DE : EC ; 

Fig. 4. 
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therefore^ in all cases^ to find the ratio of inclination, or gradient, 
divide the length in feet by the rise or fall, and the quotient will 
be the answer ; but having the gradient, or ratio of inclination, 
it is also necessary to know the rise or fall per chain, in order to 
calculate the depth of cutting or embankment, or rather the 
height of formation above datum, as this height, deducted from 
that of the surface above datum, will give the depth of cutting 
whilst the deduction of the height of surface from the height of 
formation will give the depth of embankment, as at 2 miles 
10 chains 171.70 — 162.96= 8.74, or depth of cutting; and 
at 2 miles 12 chains 164.28 — 150.83 = 13.45, or depth of 
embankment. To find the rise or fall per chain divide the 
difference of level bv the number of chains in the incline, as 
4.2^ -H 6.50. 

6.50)4.290(.66 
3900 



3900 
3900 



0000 



Therefore, to find the gradient, or ratio of inclination, divide the 
length of the incline in feet by the diffierence of level. And to 
find the rise or fall per chain, divide the difference of level by 
the number of chains, as shown above. 

The ratio of inclination of a plane, or the gradient, being 
given to find the inclination per mile, divide the number of feet 
in a mile by the ratio, as 

100)5280(52.8 per mile. 
500 



280 
200 



800 
The gradient being given, to find the inclination in a chain, 
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divide 66 (the number of feet in a chain) by the ratio as for 1 in 
100, 66 H- 100— 

100)660(.66 
600 



600 
600 



Also, the gradient being given, to know the rise or fall per yard, 
divide 3 (the number of feet in a yard) by the ratio, as in 1 in 
100, what is the inclination per yard? 

100)300(.03 
300 



000 



And at any time, for any length, divide the length in feet by 
the ratio, as in 1 in 78, how much in 12 ? 

78)12.0(.15 (sufficiently near for practice) 

78 



420 
390 



In calculating the formation heights for the contract section, 
from which, as before observed, the depths of cuttings and em- 
bankments are afterwards ascertained, the greatest care is re- 
quired in doing this correctly, for if, in this first step, an error 
be committed, it will be carried on into the depth of cutting or 
embankment, and the contractor working from such contract 
section may cut to a wrong depth, for which, in justice, he is in 
no way to blame ; to men of habits at all careful, this may al- 
most appear impossible, but it is nevertheless, however gross the 
blunder, one of common occurrence. At 2 miles 33 chains, let 
it be supposed that the formation height is marked 182.48 in- 
stead of 181.48, which it should be; now the heights for the 
springers would be set out by reference to bench marks, when 
the arch might be turned to a height of 21.41, instead of 20.41, 
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making the crown of the arch 1 ft. too high for 181,48 — 161.07 
= 20.41 ; but 182.48 — 161.07 = 21.41. It is hoped that the 
importance of a careful calculation of the gradients at every 
chain stake is now distinctly understood ; the ratio of inclina- 
tion being ascertained^ and the rise or fall per chain^ every 
stump height will require to be calculated separately, and 
checked by tens, twentys, &c., and in as many places as pos- 
sible — the reader may rest strictly and honestly assured, that 
for whatever trouble 20 or 30 miles of such calculations may 
give, he will be most amply repaid by ease of mind on this 
important subject during the working of the contract. From 
formation height 161.64, before referred to, we have an incline 
of .66 per chain for 7 chains ; and .66 x 7 -f 161.64 = 166.26 ; 
but 161.64 + .66 = 162.30 +.66 = 162.96 + .66 = 163.62, and 
so on until we have 166.26 at the 7th chain, if no error be 
made ; on an incline of a greater length we check these results 
by multiplying the rise or fall per chain by 10, 20, 30, &c., 
which is very quickly done, and examining the 10th, 20th, or 
30th chain stakes taken at different places. This being gone 
through, it only remains to get the depth of cutting by deduct- 
ing formation height from the surface height, or the reverse, 
when we get the height of embankment. 

6. The pocket section being prepared so far, we should, as 
soon as the works of construction are determined on, insert 
notes from the working drawings or otherwise, of the angles of 
skew at which the line crosses roads, canals, &c., the spans of 
arches on the square and skew, the rise of the arch, the depth 
of arch stones, of puddle, if any; also, if the works be on an in- 
clined plane, the rise or fall from centre to centre of piers ; me- 
moranda also, of nearly similar nature, should be made of gir- 
der bridges, culverts, drains, and other works occurring along 
the line. These remarks are more than necessary, because, 
when on the works, the drawings, when required, are often mis- 
laid, or partially defaced or destroyed ; it must be added, how- 
ever reluctantly, that the tracings with which contractors and 
sub-contractors are supplied, are often wrongly figured, and the 
site of construction, amidst the moving to and fro of masons, 
labourers, and ^' navvies," is not the place where such errors 
xnay be most readily detected and corrected. The acting en- 
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gineer always affixes his signature to the working drawing, but 
not always to the tracings, the correctness of which is often en- 
trusted to a confidential office assistant, but who, from w^ant of 
field practice, is not always aware of the value of correct figures. 
The ^^ Assistant Engineer^^ will find it advantageous, and only 
consistent with his duty, to compare the copy of contract works 
with the office original. Whilst on this subject it may be as 
well to mention, that the advice and hints thrown out in these 
pages are for the guidance or consideration of the ^^ Assistant 
Engineer" who may also, to a certain extent, have to perform 
the duties of contractor's agent, which will always be the case 
when the works of a line are sub-divided into numerous small 
contracts, a circumstance now of no rare occurrence ; and in 
this case the engineer will find his duties and responsibilities 
doubly onerous. Reference to the extracts made from a pocket 
section will explain, fully it is hoped, the nature of the remarks 
required with regard to the contract works ; their practical ap- 
plication will be more fully explained in the course of the fol- 
lowing pages. 

7. The contractor is supplied with a copy of the contract 
section of the intended line of railway, or any portion of it, the 
performance of the works on w^hich is entrusted to his execu- 
tion, and if the levels are set out by his agents, the engineer has 
but to check them, a simple matter merely demanding correct 
levelling ; but he may have to set out the bed moulds, which 
should be done in the following manner : — take Fig. 5 for a cut- 
ting to be worked from both ends. At stump, 2 miles 27 chains, 
we are to have for formation 176.41 above datum, and the 
height of surface is 174.05 ; plant the level at a convenient 
point, and direct the levelling staff to be held on the level peg 
at 174.05, and read off, say 7.00 ; but 176.41 — 174.05 = 2.36 
for height of embankment, and 7«00 — 2.36 = 4.64 ; now if the 
staff be raised until we read through the telescope 4.64, it is 
very evident that the foot of the staff will be held at 2.36 above 
the surface, or at 176.41 above datum, or formation height; 
next, direct the staff to be moved along the nick or centre line, 
and towards the cutting, until we read off with the level 4.64 
again, we shall then have found along the nick a point exactly 
level with the intended formation height at 176.41; but our 
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gradient is 1 in 78, or ,846 per chain ; the formation therefore 
at the point sought will be lower than J 76.41 by 1 in 78, ac- 
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cording to the distance from 176.41 ; let this distance be half a 



846 



chain, the formation height will then be 17G.41 — ^ = 175.99, 
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or .42 lower ; and if we add this .42 to 4.64^ we shall have 
5.06 ; move the staff nearer until with the level this depth 5.06 
be read off, when we shall have the desired point ; for if wher^ 
we first read 4.64 the foot was at formation height, as I hope I 
have made evident, by adding to it .42, and reading off 5.06, we 
have a point .42 nearer to datum at half a chain distant, and 
therefore parallel w^ith the incline ; and this point found, drive in 
a stake about 3 in. diameter, until on reading off the staff we have 
5.06, and another at 176.41, until we have 4.64, and we shall have 
two stakes at the required formation height half a chain apart, 
and by boning from these two heights any tolerable excavator 
can direct the formation of the bottom of his cutting until fresh 

Fig. 6. 



levels are given. Boning is performed with boning rods, which ex- 
actly resemble T squares, in the following manner : — let A and B, 
Fig. 6, be two stakes driven to a certain depth, and according to 
a given inclination ; if on both of these stakes boning rods, of 
exactly equal length, be held perfectly upright, it is plain that 
the tops of these will be parallel to the incline, and if a third 
rod be carried along the intended slope, the top of it will be in 
line with the top of the other two, if the incline be correct ; if 
it is above there will be more to cut away, and if it is below the 
excavation will have been made too deep ; this method is cer- 
tainly but approximate, but quite sufficient to guide the excava- 
tors for a time. As another example of setting out the bed 
moulds, we will take the other end of the cutting Fig. 5. At 
formation 165.60 we have the surface height of 161.80, and 
therefore a bank of 3.80, plant the level, and then the staff on 
the level peg, and read off, say 9.50; but 9.50 — 3.80= 5.70, 
and if the staff be held up until such depth be read off, then 
again will the foot of it be at the formation height at this point ; 
move the staff along the centreline until this 5.70 be again read 
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off, and we shall have a point level with the intended height of 
embankment ; but the gradient here being 1 in 100, the new 
j)oint sought must be higher in that proportion, as we are now 
rising, and the distance is 52 ft. ; for this distance the rise will 
be .52, and as we are rising ^ be it remembered, we must deduct 
.52 from 5.70, when we shall have 4.18 ; by moving the staff 
along the nick until from the level we read off 4.18, we shall 
find the new point for formation, at which drive in a stake. 
Under no circumstances should this part of the work ever be 
considered as completed until carefully checked, which should 
be done by carrying on the levels to the nearest P.P., or per- 
manent post. 

8. The incline for the cutting being given, will be, how- 
ever, but an indifferently approximate guide for the height of 
an embankment, particularly if of clay and tipped in dry sum- 

FiG. 7. 



mer weather, for under such circumstances, such an embank- 
ment may be expected to settle one-fifth of the height at which 
it is first formed ; let Fig. 7 be a sketch of a cutting and an em- 
bankment, in which suppose A B the inclined plane, and the 
required formation height at B C to be 22 ft. ; if the embank- 
ment be formed at once to this height, and the above mentioned 
settlement before perfect consolidation takes place, and it will 
not be much less, the general height will be something like A D, 
and will require reforming ; it is therefore absolutely necessary 
to keep the bank high in proportion to the expected settlement, 
whatever may be the material of which the bank is formed, and 
a near approximation of the depression may be very easily as- 
certained a few weeks after the tipping has commenced, due al- 
lowance being made for extremes of weather. At 1 chain from 
the cutting we have embankment height of 8 ft. ; as soon as the 
tip is formed beyond this point, ascertain the height by levelling ; 
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a few weeks after, the depression from the weight of the earth and 
that of the loaded waggons may be ascertained by levelling again, 
when an approximate ratio of settlement will be determined, by 
which the formation of the embankment may be directed. 

9. Viaducts and bridges are works which require the 
greatest accuracy as regards levels, and an error of this de- 
scription is truly unpardonable, as attention and care are all that 
are required to carry the construction to the proper height ; 
settlement in the masonry will of course take place, but unless 
the work is very bad, or the foundation vicious, the difference 
of level occasioned by this settlement will be immaterial : by 
attending to the following advice the heights of the crowns of 
the arches will be found to be perfectly accurate. Fig. 8 is a 
sketch of a section of a viaduct ; A B is the gradient of 1 in 100, 
or .66 per chain ; the span of the arches is 35 ft., the rise is 13 ft., 
and the thickness of the voussoirs, Anglice arch stones, is 2 ft. ; 
the piers, including the springers, must all be built up to 13 + 2 
below formation, that the line under the springers may be parallel 
to formation. At A we have formation height 340.00, surface 
height 345.00, or a cutting of 5 ft. ; near this we have a permanent 
post, or P.P. 343.59, or 3.59 above formation at A ; plant the level 
and let the staff be held on the P.P., read off, say 5.25 ; send the 
staff on to A, or to J, which will make the work much shorter, and 
this point may be pretty nearly ascertained by the eye ; suppos- 
ing the staff therefore at or near this latter point, read off, say 
8.00 ; 8.00 — 5.95 = 2.75 fall, and 343.59 — 2.75 = 340.84, or 
.84 higher than 340.00, and also, therefore, .84 higher than a 
point level with the required formation ; now by moving the 
staff lower down, so that 8.84 be read off, we shall have a point 
level with formation at A, for 8.84 — 5.25 = 3.59 fall, and 
343.59 — 3.59 = 340.00. Now measure the distance from 
stump 340.00 to the point where the staff was last held, and say 
it is 15 ft.; the inclination for this distance being .15 rise, the 
required height for formation will be 340.15 ; but the height of 
permanent post is 343.59 — 340.15 = 3.44, and when the staff 
is held on the P.P., we read from the level 5.25 ; add to this 
3.44, when we get 8.69. Now drive in a stout stake, iron 
hooped, at the said distance, until the staff being placed upon it 
we read off 8.69, and it will be at the required height, for 8.69 
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— 5.25 = 3.44 fall, and 343.59 — 3.44 x 340.15. It has been 
already observed, that a line drawn along the tops of the piers 
and abutments under the springers must be 15 ft. below forma- 
tion height; now it will not be sufficient to deduct this 15.00 
from 340.15, giving 325.15, and drive in a stump at that height, 
because we cannot do so vertically under J, and at c an allow- 
ance must be made for the inclination of the gradient corres- 
ponding to distance. But by levelling from b downwards to c, 
we can find the height 325.15, which will be level with a point 
15.00 below A; measure the distance from A to c, call it 30 ft., 
the inclination for which being .30 we shall have 340.30 for for- 
mation at this point, and 340.30 — 15.00 = 325.30, to which 
height drive in a stake as before, and then check by levelling 
back to P.P. 343.59, which height exactly we shall get if the 
work has been done correctly. From the appearance of Fig. 8 
the reader may be led to think that the above mentioned stakes 
are driven on the centre nick, but as in this position the exca- 
vators would dig them up, they are driven in some 15 ft. on one 
side ; in rock or sound soil these bed moulds are little liable to 
disturbance, but they are not so safe in a loose ground, and it is 
always better occasionally to check their heights. If at the 
other side B of the viaduct the ground was similarly high, we 
should have but to repeat a set of levelling operations analogous 
to the last, to get the lines A B and c d, but being in embank- 
ment this cannot be done, and we must employ another method ; 
the remarks required with regard to the depths of foundations, 
&c., will be noticed hereafter ; we will suppose that at abut- 
ment C, and pier D, the masons have reached the heights 
marked by the dotted lines, we must first ascertain the forma- 
tion heights at those points, and they are 341.66 and 342.45, 
and these minus 15.00 will give 326.66 and 327-45 for the 
heights at the springers. By levelling from a P.P. we find 
that the height of the abutment at C is 290.05 ; 327,45 — 290.05 
= 37.40, or the height below springers to which the masons 
have reached, that is that they have 37.40 ft. of masonry to 
put on to reach springing height, and this height, 37.40 
should be entered in feet and inches by the engineer on the 
foreman's or sub-contractor's book, and a similar memorandum 
with the date should be entered on his section. At pier D the 
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height of masonry is ascertained by levelling to be 277.76 ; 
and 326.66 — 277-76 = 48.90, the depth at D below springing, 
and this depth should be similarly entered ; and in both cases 
a crowds foot mark /)\ should be made on the face of the masonry 
where the levelling staff has been held, that it may be found at 
any future period. When the piers have reached within a few 
feet of their due height, it is well again to take the levels, as by 
then giving the height to be added the masons or bricklayers, 
but of course more particularly the former, can regulate to a 
nicety the depth of their courses, and some allowance will have 
been made for settlements. 

10. As soon as the foundations have been excavated to the 
depth required, the level to the bottom should be ascertained, 
and entered on the section book as so much below the springing, 
and this depth should at an early opportunity be transferred to 
the drawing. On no account, either in viaducts, bridges, re- 
taining walls, or other constructions^ should this precaution be 
neglected, as the depths can then at any time be ascertained for 
measuring up. 



CHAPTER II. 



Earthwork. 

11. Amongst the many important works connected with the 
construction of a railway, it is doubtful whether any require 
more attention, experience, and knowledge than the earthworks 
of deep excavations, and the formation of heavy embankments. 
Where, to the unaccustomed eye all appears confusion, in a 
well regulated cutting, the numerous gangs of excavators move 
in a confined space with the regularity of well ordered ma- 
chinery ; and those having charge of a heavy work of this de- 
scription will speedily experience the paramount necessity of 
strict attention to a correct division of labor, and a serious in- 
vestigation of the most applicable methods to particular circum- 
stances, as well as a suitable disposition of the means employed 
in the shape of " the plant,^^ a descriptive account of which to a 
reader can produce little more than a chaos of confused fancies ; 
one hour's attention to the proceedings and details of work in 
an excavation would be far more beneficial. There are, how- 
ever, a few subjects connected with cases of common occurrence 
of which an investigation may be useful to the ineocperiencedy 
and which will be attempted in this chapter, the writer regret- 
ing earnestly the little assistance he can derive from works on 
this subject. 

12. The first operation, as soon as the widths have been 
set out, is the erection of the fencing, consisting generally of 
" posts, railing, and prickposts,'' the latter planted midway be- 
tween the posts, and well nailed to the rails ; the assistant en- 
gineer will examine this work as soon as set up, and see that 
the posts are firmly fixed and sufficiently deep in the ground ; 
also that the ends of the rails go right through the posts, that 
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they are fitted^ and the whole firm and tight ; where this is 
not the case, the fencing is likely to be levelled to the ground 
by the *^ soil** thrown up against it. 

13. In "stripping the soil** from the top of cuttings and 
seats of embankments, it is customary to take it oflF " spade 
deep ;** it should be piled up along the " Bench,** between the 
intended edge of the cutting and the railings, the grass being 
laid lowermost; where the bench is 10ft. wide, a path of about 
1' 6" should be left along the top of the cutting for the traffic of 
the men, and by which also the weight of the soil does not bear 
immediately on the edge of the cutting, 

14. Where the top of the cutting is flat, and particularly of 
a wet nature, as soon as the soil is taken off, trenches about 1 ft. 
deep should be cut along the lowermost levels, for the purpose 
of draining off the water to the nearest water courses ; this will 
be found to dry the earth to be excavated, and render it better 
fitted for the formation of embankments. 

15. The determination of slopes for earthwork is one of the 
most uncertain subjects the engineer has to contend with, if he 
be anxious to reduce as much as possible the quantity of exca- 
vation, and that of land to be purchased, both formidable items 
of expense; but this reduction is attended with one great 
danger, namely, a "slip** which will often for a considerable 
length occasion a double and treble quantity of excavation, and 
the purchase of a corresponding quantity of land, which in these 
cases, from the avaricious rapacity of many landowners, becomes 
enhanced to four and five times its real value; the greatest 
caution, and the most careful investigation of the nature of the 
earth to be excavated as far as this can be done, and also of the 
local circumstances which may increase or diminish the danger 
of a slip, become absolutely necessary. The slopes of cuttings 
in gravel will stand at almost any depth at 1^ to 1, and at 
depths of 10ft. and 15 ft. at 1 to 1 ; chalk is more uncertain; 
in solid rocky masses it will stand perpendicular; friable, it 
may require slopes of 1 to 1 ; shale will stand at J to 1, if the 
stratification be horizontal and dry, but when wet and soapy, 
there will be great uncertainty ; clay however, is by far the most 
uncertain and treacherous earth to be met with in excavations ; 
we have known it for many months to stand perpendicular for 
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a depth of 40 fl., and suddenly slip off, determining a slope of 
3 to 1 ; there is no doubt that one of the most dangerous prac- 
tices of excavators is to allow a gullet of this depth and nature 
to stand for a great length of time without lightening the sides, 
nor should it under any circumstance be allowed. A thin bed 
of clay will very often occasion the slip of material of a better 
nature, but this may be walled up, and where stone is abundant, 
it should be done, immediately there is any sign of motion 
making itself perceptible by craclcs at the top of the cutting; 
there should be no hesitation in such a case, nor fear of the 
word " expense," where £20 or £30 may save £100. A dry 




rubble wall, built of the largest stone conveniently attainable, 
will be found the best remedy, both as regards efficiency and 
economy; see Fig. 9. When a slip has once fully declared 
itself, there is little left but to submit to the circumBtance, and 
to form the slope to the extent determined by the slip, except, 
indeed, in the case of buildings, or gardens, &c., when we must 
have recotirse to retaining walls and long counterforts with a 
good system of drainage, which will always be found indispen- 
eible ; so much so, that no good results can be expected from 
the best built and thickest walls without it. 

16. It is more particularly in cuttings in sidelong ground 
that slips occur, and this always on the higher side ; and we 
are led by this circumstance to think, that in excavations where 
the nature of the earth is unfavourable to the stability of the 
usual slope, Ij to 1, it would be far better to make the latter 
steeper on one side, and depress it in a corresponding ratio on 
the other; the earthwork would be increased on one side, nor 
would the diminution on the other counterbalance this excess. 
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but it would not be so great ; in Fig. 10, the weight on slope A 
is diminished, in proportion to the 
sine of the angle b a c, whilst on , 
side B, it is increased in that pro- 
portion, the fricton or Bource of ^ 
support heing also decreased on 
the side B, in the same propor- 
tion, on account of the slip, and 
increased at side, A; indepen- 
dently of this, the lower side. A, 
is far more efficiently drained. 
This would assuredly lead us to 
the opinion, that the batters should 
not he alike under such unlike 
circumstances ; nevertheless, it is 
usual to make the slopes alike ; 
notwithstanding this practice, we 
should not hesitate in making an 
experiment contrary to it, in cases 
where slips might be anticipated, 
and in cuttings of blue clay, and 
on sidelong ground, at a depth of 
25 a., and even less, they may be 
constantly expected at slopes at 
li to 1; rank and reedy vegeta- 
tion is a pretty sure sign of a fu- 
ture slip, caution may therefore be 
used accordingly; surfacedraining, 
Art. 14, will always be found the 
most efficient preventative to slips 
which too often occur from this precaution being neglected, 
and it cannot be too carefully remembered, that against this 
very serious evil, too much attention cannot be directed. In 
mountiunous districts, the side ditch at the top of a cutting 
and foot of an embankment requires particular attention, when 
heavy floods, rushing down the side of a hill will, if not inter- 
cepted by a capacious ditch, very soon wash away and destroy 
the exterior surface of the slope of a cutting, and tear up 
the foot of an embankment ; but of this latter we will speak 
d2 




farther on ; attention should also be given to the bottom of the 

ditch at the top of an exca 

vation, being at a lower level 

than the edge of a cutting 

An other earth, or rather mix 

ture of earths, requiring great 

precautions, is a diluvium, 

consisting of large boulders 

of rocks, clay, sand, &c , 

where the rock being with 

out bedding, falls in as soon 

as laid bare, and by its great 

weight determines the fall 

of large masses; but against 

this there isno remedy One 

of the most fruitful sources 

of slips, after the completion 

of works, as well as during 

construction, is from springs 

and soaks rising in the sides 

of a cutting; these though 

acting more slowly are as 

certain agents of destruction 

as gunpowder; the water 

springing from these must 

be carried o£F during the ex 

cavation of the cutting by 

means of wooden troughs, 

where more simple means 

are ineffectual; and, as per 

manent work, a good brick 

or stone drain must be run 

down the slope into the side 

drain at the foot of the cut- 

ting,and the efficiency of the 

latter will depend upon their 

soundness and capacity. 

I7> At the commence- 
ment of an excavation, the 
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earth is removed hj means of wheelbarrows to the seat of the 
embankment ; but as soon as a gullet is formed, wagons are in- 
troduced, and rails are laid to facilitate the traffic ; this gullet is 
about 15 a. wide, and the sides kept perpendicular, and, as the 
depth of the cutting increases, the number of excavators is in- 
creased by making fresh "lifts." The sketch. Fig. 11, will per- 
haps assist in explaining ; the empty waggons would stand along 
plane A B ; those nearest to B would be filled bj excavators 
working against the face B ; the waggons nearest to A would 
be filled from the face C, 

the earth there excavated eia- la. 

being wheeled in barrows 
along planks C D, and 
tipped into the waggons, 
and the waggons midway 
between A and B would be 
filled from E, from which 
the stuff would be wheeled 
along planks E F ; in cut- 
tings of 30 ft, deep, we have 
seen excavators thus work- 
ing four hUs, six excavators 
being at work on each face. 
The excavations on the 
aides of the gullet should 
be carried on at the same 
time, as soon at least as the 
gullet has made some pro- 
gress, by similar means, and 
in a like way — that is, by 
gangsofmen working above 
each other, wheeUng along 
planks, and tipping in to the 
wagons below, Fig. 12; 
the planks are supported 
on uprights, or on trans- 
verse baulks. It is by hav- 
ing as great a number as pos- 
Bible of excavators, but not 
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enough to embarass each other, with a proportionate number of 
wheelers, and relays of wheelers, drivers, horses, and men at 
the tip, that a cutting and embankment progress rapidly and 
satisfactorily ; and it is in so ordering the proportions of men 
to each task, as well as the disposition of the materials forming 
" the plant/* that none shall be for a moment idle, and that a 
free passage for the going and coming of the wheelers be at 
all times kept open, that knowledge and experience on this 
subject are displayed, and which can only be acquired by strict 
attention and experience. In order to relieve the horses from 
as much labor as possible, it is proper to give a greater inclina- 
tion to the plane A B, Fig. 11, as the excavation and tipping 
advance, consequently, receding from each other, in order that 
by the sole effect of gravity, the waggons may obtain the 
greatest possible run towards the tip ; it will therefore at once 
be seen how much, even at this stage of the work, depends on 
a good laying and maintenance of the way ; for if it be not kept 
in tolerable order, the waggons are continually getting off the 
rails, thereby occasioning a delay of serious import by delaying 
those behind it, until it be got into its place again, to do which, 
with a heavy load of earth, will take a considerable time. These 
remarks hold in all earthworks, either of railways, docks, har- 
bours, &c. By paying due notice to these details, the engineer 
when inspecting the works, may judge pretty readily of the 
progress of the works. 

18. With regard to the proportions of men required for 
"getting, filling, and wheeling,** or of waggons, horses, and 
drivers, local circum«tances can be the only guides ; if we were 
to ascertain these proportions by -, where t represents the 

time of " getting,** that is, excavating, and t the time of filling 
or loading, the proportions would so far be ascertained; but our 
excavators, besides picking, have recourse to what is termed 
" falling,** that is, breaking down a mass of one or two cubic 
yards often in a few minutes, by driving in short piles shod with 
iron, and pouring in water until a mass falls to the bottom of 
the lift, where it is broken up by picks, and the quantities thus 
fallen are continually increasing as the depth of the face deepens ; 
this would necessitate continued fresh calculations, which would 
be but indifferent approximations; the number required of 
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wheelers would be under the same unfavourable circumstances 
for calculation ; it is therefore usual to judge of the proportions 
required on the spot as the work proceeds, which will, in this 
case, be found better adapted to practice than calculations made 
without sufficient data. 

19. Where the centre line of an excavation is straight there 
is little risk of the excavators cutting into, and thereby irreme- 
diably deteriorating the slopes of a cutting; first, because they 
know very nearly (to a few inches) where their centres are, and 
by multiplying the depth by the ratio of slope they can keep 
themselves straight, the more easily that they seldom work to 
their formation depth until the levels are given, because if they 
go too deep, not only they are minus in pay the extra quantity 
of excavation, but they have also, at their own cost, to replace 
ballast to fill up the extra depth; we 
would not, however, recommend an en- 
gineer to depend too much on this, as 
excavators will often make strange blun- 
ders ; we have known an old excavator, 
of fifteen years standing, with three cor- 
rect levels within a chain on each side of 
him, make an error of 3ft.; we would, 
therefore, recommend the assistant-en- 
gineer to keep a close look out after these 
matters under any circumstance. Where 
the centre of an excavation is a curve, 
in order to ease the running of the wag- 
gons, it is customary to flatten the curve 
of the gullet as much as possible, and 
here the excavators are by no means un- 
likely to cut into the slopes, unless their 
centres are often given to them; in Fig. 
13, let A B C be the nick ; the excava- 
tors will flatten the curve of the gullet 
by running it at D E, and they are con- 
sequently likely to cut into the slopes at 
A, F, C, unless the ganger is made aware 
of the position of his centres. At the 
same time continual setting out of the 
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curves where they are numerouB is a work absorhing much 
time; we, therefore, recommend the practice of driving in atumps 
at each side of the curve stumps, after their being once found 
in the gullet, and noting the distances; these side stumps, being 
less liable to disturbance than the centre stumps, serve as guides 
to set off the centre line sufficiently near, until the time comes 
when the centres are required for the permanent way. 

20. It is by no means au uncommon occurrence that a 
cutting is so situated, either that the length of lead is too great, 
or which is the same thing, too expensive ; or a heavy cutting 
..may be what is termed locked up, that is, there may be no road 
to lead the excavated earth to a tip, either from other cuttings 
being between it and the nearest embankment, or a viaduct or 
bridge may require to be built before a road can be got ready 
for the waggons to run ; under these circumstances the whole, or 
a part, must be "led to spoil," that is, some hollow must be 
filled up, or some bank formed, upon land unconnected with the 
railway ; a hollow to be filled up would, of course, be preferred, 
both for the greater convenience of tipping, as well as because 
it would afterwards be easier to lay the soil on it, and " make 
it into land ;" when it is necessary to lead excavation to spoil, 
it is customary to rent the land for a term, two or three years, 
or to pay compensation for damages ; Fig. 14 shows the easiest 
spoil bank to be formed, the dotted line representing the origi- 
nal surface, the earth having merely to be excavated from A and 
tipped at B ; a large number of men may excavate on the face, 
and there may be a corresponding number of tips ; Fig. 14 repre- 




sents what would be a more comphcated, and expensne case. 
The upper dotted line as before represents the onginal surface ; 
at every 15 or 20 yards along the lower ridge of the cutting 
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gullets are cut a few feet deep, as showD by the lower dots, a b, 
through which waggons in this case ^'°- 15- 

may at first be employed, to lead off the 
portion marked A ia excavation and A' 
in spoil; the lower portion B of the 
excavation must be raised by barrows 
wheeled upon planks and deposited at 
B" on A'. Excess of cutting may also 
be disposed of by widening the nearest 
embankment, that is instead of making 
it 30 ft. at top make it 40. 

21. Another common occurrence is 
to find an intended embankment placed 
in a position very similar to that of the 
above mentioned cutting, that is, either 
there may be no excavation to form the 
embankment with, or the embankment 
may be locked up, or the material may 
be too distant, and it may be cheaper to 
purchase land for " side-cutting" from 
the excavation of which the embank- 
ment may be formed entirely, or in 
part ; the Fig. 14 may be a case of this 
kind, putting B for the embankment, 
and A for side-cutting; when land is 
purchased or rented for spoil banks or 
side-cutting, the soil should be stripped 
off and carefully preserved, as it is ulti- 
mately to be rehud on the top of the J 
spoil bank, or bottom of the side-cut- / 
ting ; in either of these cases, as indeed 
in all other matters, due judgment should, of 
cised as to what excavation should go to spoil, 
ment should be formed from side-cutting, also as to the side 
of either of these auxiliary resources, but ceteris partbua the 
nearest will he the best. 

22. The next most important feature in earthworks, and 
intimately connected with the last, is the formation of embank- 
ments, and when these are of great depth, and to be constructed 




urse, be exer- 
what embank- 
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with unfavourable materials^ and under unpropitious circum- 
stances, they require the serious attention of the engineer, and 
this not only as regards the embankments themselves, but also 
the masonry and brickwork on the line, often, as well as other 
works and buildings at a considerable distance. The best mate- 
rials for the formation of embankments are gravel and sand, 
both from the facilities they offer for drainage, and their more 
rapid final consolidation; soft shaly earths are unfavorable, 
but if hard and dry they form good embankments, and settle 
well at slopes of 1 to 1 ; vegetable earths, or what is termed 
soil, must be entirely rejected for the embankment from their 
being so easily converted into soft mud ; landowners, however, 
are always ready to carry these away, but care should be taken 
to preserve a fully sufiicient quantity for soiling slopes, as when 
a good depth of soil has once produced a strong vegetation, it 
forms one of the best safeguards to slopes ; clays mixed with a 
quantity of stones are by no means a bad material, and, if dry, 
will form a sound embankment, though rather long in consoli- 
dating ; wet clay is as bad if not worse than peat ; it should 
never be allowed to be used, under any circumstance whatever^ 
a few waggons of wet clay tipped in a deep embankment will do 
more mischief by its slipping and saturating all other materials 
laid on it, than one, or even two thousand of good stuff will rec- 
tify, besides becoming for many years a continual source of set- 
tlement, and perhaps of danger on that portion of the line; 
where the less favourable materials roust be employed for form- 
ing embankments, it is as well to make an exception to the 
general rule, of forming at once an embankment to its full 
height and width, and to leave a few feet in height to be raised 
up with drier materials, if conveniently at hand; isolated masses 
of this description are often found in excavations otherwise of 
very inferior materials, which may be successfully employed for 
this purpose, after having, however, the positive assurance that 
enough remains for ballast. This is, perhaps, all that we can 
generally effect as regards selection of material, without involv- 
ing a company into great expense, because the embankment 
must almost always be formed of the materials from the nearest 
cutting. 

23. With regard to the precautions necessary to be observed 
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in the formation of embankments, we must be guided by a care- 
ful judgment of causes and effects, which are necessarily con- 
tinually varying with local circumstances ; there are, however, 
a few cases of common occurrence of which it may not be unser- 
viceable to say a few words. To obtain a thorough consolida- 
tion, and a complete unison of the mass, as well as to secure, as 
nearly as it can be done, uniformity and regularity of inclination 
in the side slopes, an embankment should, from the first, be 
formed to its full width and height, care being taken to make 
allowance for shrinkage and settlement from the gradual combi- 
nation of particles into a solid mass, of this we have already 
spoken above ; at Art. 22 has been instanced a case where de- 
parture from this general rule is admissible, and this benefi- 
cially. Another case may be the same as or analogous to the 
following ; — we have an embankment to form which will require 
80,000 cubic yards, and this embankment is at the tail of a cut- 
ting containing only 50,000; moreover, the next excavation 
beyond is required for other embankments, or it is at a great 
distance, which would make the lead a considerable item of 
expense, or it may be locked up from the embankment we are 
now anxious to form ; it is evident we must get 30,300 cubic 
yards from side-cutting ; if we are on sidelong ground, we can 
easily'^obtain this extra quantity from the upper side of the hill, 
and this very rapidly, as we can employ a considerable number 
of men upon a broad face; let Fig. 16 represent a case of this 

Fig. 16. 




kind, A B being the original surface ; set out the foot of the 
slope towards A, and from that foot excavate into the side of the 
hill, and form with it the lower portion, dotted off, of the embank- 
ment until the 30,000 deficiency is made up, taking care that this 
base of the embankment is formed of the required width for the 
depth and with the proper slope ; if the depth of the embank- 
ment is here of 20 ft., and the height c e/ is 8, that is 12 below 
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formation, we shall have the following calculation; base 30 + 
12 X 2 (ratio of slope) = 54, and twice the ratio of slope will 
give 78 for the width required along e gi we shall not always 
find the side-cutting so convenient as this ; rising ground may 
be at a considerable distance, which would, therefore, much in- 
crease the expense, and it may, in many cases, be better to cut 
a trench of some breadth a few yards from the foot of the 
embankment, and wheel the stuff up to the seat; all cases, 
however, connected with side-cutting and spoil banks vary so 
much that circumstances alone can direct the best modes of pro- 
ceeding. 

24. In forming an embankment in sidelong ground, steps 
should be cut in the seat of the embankment which should dip 
at right angles to the batter, and where the ground dips round 
from the sides to the front in the direction of the tip, these 
steps should be brought round also. Fig. 17 will show how 

Fig. 17. 




very much the earth would tend to slip under pressure along the 
natural surface. Where this is neglected, there will not fail to 
be continual slips, and of a serious nature, from the embank- 
ment never becoming firmly seated. Where a bank runs along 
the edge of a river, stream^ pond, &c., the foot of the slope 
should be pitched with large stones, well bedded at right angles 
to the batter, and these should be backed up with a foot or two 
of clay paddle. Fig. 18. Great care should be observed in carry- 

Fio. 18. 




ing an embankment over a bridge, or up to the abutment of a 
viaduct, or there will be considerable risk that the weight of 
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earth will spring up an arch, or overset the abutment; in 
no case should this be done until the mortar has become per- 
fectly set, and until the abutment has been well punned up, 
when the greater mass will deaden the effect of the weight of 
the earth tipped over. The greatest care will be necessary in 
carrying an embankment over or near subterraneous works; 
unless these be at a very great depth, the embankment should 
be formed in successive layers until some height is obtained, 
and, during the progress of the embankment, the underground 
works should be constantly visited, and strengthened where 
required; an accident under these circumstances occurring in the 
subterraneous constructions, would be made a source of heavy 
expense to the company ; in passing over mining districts, it is 
well to make arrangements^ for giving extra support to the gal- 
leries unless at a great depth, and where the beds have not 
been worked, to allow compensation for certain portions being 
left unworked. In carrying an embankment along a retaining 
wall, attention should be given that the latter be well punned 
up before the earth is allowed to be tipped along the back of it, 
and the same remark will hold as regards long and deep wing 
walk, which, if this precaution be neglected, are very likely to 
be overturned, or at least disfigured, by being forced out of 
their intended form. 

25. Either from material in too wet a state having been al- 
lowed to be tipped, or from water having accumulated on 
the seat, it most unfortunately, as well as unnecessarily. 




happens, that the tip will slip not only transversely, but also 
in length. At Fig. 19, the line, ABC, shows the tip, as it 
would have been but for the circumstances just mentioned. 
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instead of which it assumed the form A D C in every direction^ 
nor could the work of 15 days make any change ; at last the 
trench^ F^ was cut across the seat of the embankment, and two 
more cut along the sides, the first determined a more vertical 
direction for the tip, and the latter trenches drained the seat ; 
by these means the slopes were brought back to a proper state. 

26. An embankment will generally be formed along the 
side of a hill, or in a valley, always at a lower level than the 
approximate land on one side or the other, and, consequently, 
it will be converted into a dam, which will pen up the rain 
waters, which, after heavy falls of rain or rapid thaws, will 
accumidate from the sides of the highest grounds down to the 
embankment, and greatly endanger the embankment, unless 
sufficient outlets have been provided. Where streams run 
under the embankment through culverts, but little more will be 
required to carry off freshets ; but where this is not the case, we 
must increase the number or diameter of the drains, which 
would, under any circumstance, be required, under an embank- 
ment of any length, particularly if the seat give indications of 
water, and for the position of which the lowest natural levels 
will be selected ; on a wet seat no embankment will ever pro- 
perly settle without assuming a breadth of slope never originally 
contemplated. 

27. According to the length of lead, the quantities to be 
excavated, the speed required, and the width of base, the 
number of tips will be greater or less. Three is a usual 
number, but with more than four the number of waggons and 
horses are apt to get confused, and thus cause delays rather 
than speed, though the number and efficiency of the men at the 
tip, as well as the dexterity of the drivers, will determine much 
of this ; whatever number of tips there may be, care should be 
taken that the outermost be kept the foremost ; the inner tips 
falling between tend to force a firmer consolidation. The 
various circumstances connected with earthworks render a 
minutely accurate forming of such work very uncertain, princi- 
pally for the two following reasons : — it is impossible, practically, 
to ascertain the exact nature of an excavation through its entire 
length, so that we can only take an average, and in a district where 
engineering works have been unknown, the value of labour will 
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be for a long time uncertain, although the neighbouring popu- 
lation will not fail to demand the full current wages. of practised 
hands. The two following tables will, however, be found ap- 
proximations of a very close character, having been deduced 
from practice and close observations. There are two sections — 
the first for rock, and the second for earths; the values of 
materials have been reduced in a similar manner to the values of 
labour, because they will continually be found to vary with the 
last; the number of working hours being considered 10, it will 
only be necessary to ascertain the wages, when the following 
proportion can be obtained: — as 10 hours: the sum of wages 
per day in pence:: the constant: the detailed prices for each kind 
o f labour per cubic yard ; or, as 10 hours : wages per day in 
pence:: the total at the foot of each column: the sum in pence 
for each kind of excavation. 



First Section, — Rocks, 





I. CLASS. 


II. CLASS. 


in. CLASS. 




Primary and gene- 
rally Transition 
Bocks. 
Granitic and Por- 
phyritic ; Basalts and 
Greenstones; hard 
and heavy, and in 
large and unstratified 
masses. 


Secondary and occa 

sionally Transition 

Kocks. 

Limestones, Sand- 
stones, and Oolitic 
Rocks ; in large and 

compact masses. 


Secondary and Ter- 
tiary Rocks 
Schistous and Shaly 

Rocks, in thinner 

strata, and of looser 

character than the 

II. Class. 


Denomination of Labour 
or Material. 




With 
Powder. 


Without 
Powder. 


With 
Powder. 


Without 
Powder. 




Value in Hours of 
Excavator. 


Value in Hours of 
Excavator. 


Value in Hours of 
Excavator. 


Drilling 
Powder 
Getting . 
Filling 
Tipping . 
Grease and Repairs of) 
Waggons . J 
Iron and Steel . 
Repairs of Roads 
Lead of 100 Yards . 


4.14 
1.84 
0.69 
0.69 
0.12 

0.29 

0.46 
0.12 
0.23 


1.38 
1.38 
0.58 
0.69 
0.12 

0.29 

0.41 
0.12 
0.23 


• . • 

• . . 
0.64 
0.69 
0.12 

0.23 

0.35 
0.12 
0.23 


1.25 
1.25 
0.46 
0.69 
0.12 

0.23 

0.41 
0.12 
0.23 


0.58 
0.69 
0.12 

0.23 

0.12 
0.12 
0.23 




8.58 


5.20 


2.38 


4.76 


2.09 
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Second Section, — Earths. 





L CLASS. 


IL CLASS. 


in. CLASS. 


IV. CLASS. 


Denomination of Labour 
or Material. 


Hard dense 
Clays and Marls. 


Loams and 

lighter Clays 

and Marls. 


Gravels and 
Loose Stufik. 


Sand. 


Getting 
Breaking up 
Filling 
Tipping . 
Grease and Repairs of) 
Waggons . J 
Iron and Steel . 
Repairs of Roads 
Lead 100 Yards 


0.35 
0.46 
0.81 
0.12 

0.23 

0.29 
0.12 
0.23 


I 0.46 

0.69 
0.12 

0.18 

0.18 
0.12 
0.23 


0.23 { 

0.64 
0.12 

0.123 

0.12 
0.12 
0.23 


0.23 
0.00 
0.58 
0.12 

0.23 

0.06 
0.12 
0.23 




2.61 


1.98 


1.69 


1.57 
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CHAPTER III. 



Permanent Way ; Formation and Drains ; Ballasting ; Levels 

of Rails, 

28. Connected with the permanent way, the four subjects 
in the heading of this chapter, come into primary and most 
important consideration; the railways now constructed vary, 
for the width of formation, from 28 to 31 ft. generally; and in 
order to effect a perfect drainage of this formation, it is neces- 
sary that the centre of the line should be higher than the sides, 
and this increase of height varies from 3 to 6 inches ; the 
heavy traffic occasioned by earthworks will render it very 
difficult to maintain this ridge, if the seat of the ballasting is at 
once formed to this height, and as an efficient drainage is indis- 
pensable, it is better to leave a small depth of excess of excava- 
tion and to make the formation to its proper levels, imme- 
diately before the ballast is laid ; this subject will be found to 
, deserve more serious attention than might at first sight be 
afforded to it, for if this " formation" be not constructed so as 
to effect thoroughly the passage of waters into the " sidings," or 
side drains, whatever trouble may be devoted to the maintenance 
of the permanent way, will be comparatively lost, as well as the 
expense attending it, and this latter very serious consideration 
will be exactly in the proportion of neglect with w^hich the per- 
manent way is first constructed ; the engineer should therefore 
give strict injunctions to his inspectors to attend carefully to 
this, and should direct his personal attention to it as much as 
possible. Sub-contractors, to whom the earthworks are en- 
trusted, will be generally found perfectly indifferent on this 
subject, as when once the ballasting is laid, there are no means 
of detecting slovenly work without taking it up again. 
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29, Sidings, or side-drains, fo.rm the next subject of con- 
sideration. In a hard solid substance, or in rock, and more 
especially where great economy is at first to be of paramount 
importance, a good ditch may be cut, with slopes battering in 
the same ratio as the slopes of the cuttings, but where the stra- 
tification is of a softer nature, where the excavation is deep, if 
not in rock, or where the slopes are liable to deterioration, from 
atmospheric effects, from rains, soaks, springs, or from the 
numerous injuries to which they are constantly liable, it is 
necessary, in order to preserve a free and uninterrupted pas- 
sage for the waters and debris which accumulate at the foot 
of the cutting, that side-drains of rough masonry or brick- 
work be constructed, and these of sufficient capacity, by depth 
and width, to answer the purpose intended. In passing through 
marshy soils, this capacity will require to be increased, often 
considerably, and transverse covered drains leading from 
the higher to the lower side of the way, will also be re- 
quisite ; as, comparatively speaking, these drains have but little 
strain to resist, they may be constructed at the least pos- 
sible cost — rough unhewn stones are all that is required, 
and these not of large scantling ; of course, we are not now 
alluding to drains which are constructed across the formation 
for carrying off* surface water, accumulating in ditches, and 
penned up, which must be disposed of, often by carrying it 
over the line to a lower level ; specimens of these will be found 

Fig. 20. 
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Fig. 21. 



amongat the examples of drams and calverts ; and Figs. 20, 21, 
22, 23, and 24, represent various kinds of permanent ways. 



SO. The fonnation having been levelled to the degree of 
convexity required, the next operation is the ballasting, which 
is to form the foundation for the sleepers, and n-hich must be 
of such a nature as to allow water to percolate with the greatest 
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freedom, in order that this foundation be kept perfectly dry, or 
not only the sleepers will decay, but they, and consequently 
the rails, will be in considerable state of motion at the passage 
of every train, from a portion of the ballast being reduced to a 
soft muddy state. The best ballasting consists of hard broken 
stone, but it is expensive ; good dry gravel forms excellent 
ballasting, and where found in excavations, should, as much as 
possible, be preserved for this purpose ; sand, mixed with 
broken stone, is equally good. Where these cannot be ob- 
tained, we may be satisfied with good clean cinders, or slag, 
which also answer the purpose very eifectively ; where none of 
these can be obtained, we may use hard shale, well burnt for 
the upper coating of ballast, though it is rather liable to cake, 
but much less, however, than burnt clay, which we have seen 
used for this purpose ; even the last may be improved by an 
admixture of sand before burning. Whether broken stone or 
gravel be used, care should be taken that all stones larger 
than an egg be broken up, and more particularly for the fol- 
lowing reason : should a large stone be placed under a sleeper, 
and have an uncertain bearing, or present an angle to the un- 
derside of a sleeper, it will act like a pivot for this latter to 
move upon, and at least injure considerably the stability of the 
rails at this point, if it does no more. The ballasting will 
require to be at least 12 in. at the greatest depth ; it should be 
well levelled and well packed, and any means that could be 
used to force it down to a more solid bed would be a great im- 
provement, as it would tend to lessen the subsidence which 
ensues from the first few trains passing over the line ; the 
traffic, however, which is necessary for completing the works 
will tend greatly to efiect this. 

31. On this first bed of ballasting the sleepers are laid; 
these are generally of larch fir ; they should be sound, free from 
shakes or signs of decay, straight, and of good form, as also of 
the scantlings specified by the specification, which are generally 
8' or 9'x9" or 10"x5"j besides these, there are the sleepers for 
the "joint chairs,^^ which should be 12" wide and squared; 
these sleepers should be carefully examined and measured, as 
delivered by the contractor, and all inferior ones rejected. A 
broad notch or bed is cut on the upper side of the sleeper for 
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the seat of the chair ; and, as one end of the sleeper will often 
be thicker than the other, in consequence of the timber being 
unsquared, this stouter end should on curves be placed under 
the outside rail ; attention should be given, that the beds cut for 
the reception of the chair be of full size to afford a sufficient 
seat, and also that the bed be perfectly flat ; on this seat the 
chairs are fitted, as soon as the sleepers have been approxima- 
tively placed in their places along the line, and the rails placed 
in the chairs ; the plate layers then commence setting out the 
straight lines and curves with reference to the stumps, and bed 
moulds set out or checked by the engineer, to which subject we 
will return presently, and gradually, by means of boning and 
gauging, which is done by means of a standard, measuring 
exactly the distance between the rails, the rails are brought to 
their true position ; this being done, holes are driven in the 
sleepers for the reception of the spikes on one side, at each end 
of every length of rail, and next on the other side, the greatest 
care being used to have the guage constantly applied, and the 
spikes are driven ; a piece of felt is often introduced between 
the chair and the sleeper, but vulcanized india-rubber will be 
found very superior, the india-rubber occupying a space equal 
to the seat of the chair, and the spikes being driven through it ; 
the elastic nature of this substance tending materially to soften 
the shock which the wheels meet with as they successively cross 
each sleeper, and diminishing the effisct of the vertical motion 
which the spike must experience in a greater or less degree in 
the sleeper. The position of the sleeper, chair and rail is then 
permanently fixed, by the operation of what is termed boxing 
up, which is fixing under each sleeper about an inch, more or 
less, of a finer description of ballasting consisting of fine gravel 
or good sand ; by these means the rail is fixed permanently and 
correctly, both as regards the horizontal direction or centre line, 
and the levels of the gradient. Ballasting should then be filled 
up to the upper side of the sleeper. 

32. The guage commonly used by plate layers is an iron 
rod, of the shape shown at Fig. 25 ; the distance between A and 

Fig. 25. 
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B, being the measure from rail to rail, but it meets with so 
much rough usage, and is so often bent and straightened again, 
if the men will take so much trouble, that it cannot be depended 
upon. Fig. 26 shows one of a superior kind, which should be 



Fig. 26. 

A 



made of a piece of hard well seasoned wood, and, if varnished, 
will be less affected by damp ; at A, there is a spirit level, by 
which the transverse level of the rails may be ascertained; in- 
spectors should be supplied with such a gauge, and with it, 
check with care the work of the plate layers. 

33. At § 19, we have alluded to the centre line having to 
be set out a second, and often a third and fourth time, in ex- 
cavations and embankments, and unless the engineer, where he 
has to do this work, takes proper precautions, he will find it an 
endless work, or the contractor will most likely commit great 
errors. By referring to the first part of the " Assistant En- 
gineer's Guide,^^ the reader will find some advice on this subject, 
and we will here add some further instructions, by following 
which, the work will be found much lessened, enabling therefore 
the professional man to attend to other matters requiring his 
attention. Where the tangents or straight lines are of any 
length, poles are always set up out of the works, by which, of 
course, this straight line of centre can always be found ; and, by 
knowing from the section at what distance on this line the curve 
was commenced, this point may at any time be found also, and 
the curve set out ; but on curves of 50 or 60 chains, or where 
these are numerous, we have pursued the following plan, by 
which, at any time, we could find exactly the original site of 
centre stumps ; Fig. 27, will assist the explanation. Let A B 
be the curve, with the stumps shown by black dots; the 
straight lines between these are of course chords; take any 
two of these stumps — say a by produce the line out beyond 
the edge of the cutting, as at d c, where drive in a couple 
of stumps likely to remain; at right angles to this line, and 
in line with a, sight out e a f^ and drive in permanent stumps 
at each of these also ; do the same thing 2X g b h; and make 
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a note on the section book for reference hereafter; now at 
any future time, by sighting out these lines with accuracy, 

Fig. 27. 



a^ 



we find the exact position of a and i, by which we may set 
out the curve; we do this in one or two places generally 
along a curve ; by these means there is no difficulty either in 
re-setting out or checking; in the outset this may appear 
rather long and tedious, but where a cutting of 30 ft. or 40 ft. 
deep is being excavated, and the centres are to be found, it will 
afford a very ready w^ay at any time to obtain them ; this, and 
the simple method shown at § 19, will prevent all difficulties 
and loss of time ; care must be taken in setting out the per- 
manent centres of an embankment, that we pass through the 
centres of bridges and culverts ; stumps at every chain length 
must be carefully and firmly driven into the top of the embank- 
ment or bottom of the cutting ; by these stumps the position of 
the rails is fixed, and therefore, the straightness of the line 
where straight, and where otherwise, and the regularity of the 
curve depend on the position of these stumps. 

34. The levels connected with the height of the permanent 
rails require the utmost nicety in the operation of levelling, for 
although, except in a few situations, it will be almost impossible, 
at first y to keep the railsat the given heights, the bed-moulds re- 
main, if properly fixed, for two or three years afterwards, for the 
reference of the plate layers ; if the permanent way be properly 
constructed, and these levels accurately set out, there need not 
be at any time, after consolidation, any deviation from the correct 
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height. In cuttings, the bed-moulds,* with very few exceptions 
will remain at the heights to which they are driven at first, but 
not so in embankments on account of the settlement of this latter 
construction ; but even here we shall have the bridges on which 
the height of rails may be fixed with the utmost accuracy. 
Having provided sufficient bed-moulds, commence from a P.P., 
or B.M., of the correct height of which there can be no possible 
doubt, and level from this to the temporary rails, or any conve- 
nient object at a stump or chain^s length, and ascertain the dif- 
ference of level, and, therefore, the height of the second object 
levelled to with regard to datum, and consequently to formation, 
as the height we require above datum at this point will be 
obtained from the section ; say, for instance, that the height of 
the P.P. is 302.46 above datum, and the difference of level 
between this height and that of the temporary rail or other 
object levelled to is 23.10 lower ; then we shall have 279.36 for 
the height above datum at this point ; now refer to your pocket 
section, and in doing so be careful of two things : — first, that you 
do not mistake one chain stump for another, which would occa- 
sion one great error, and secondly, do not mistake formation for 
rail height ; to practical men these two last hints may appear 
puerile, but we do not profess to write for these; the young 
practitioner, on the contrary, from the extreme facility with 
which either of these errors may be committed, is very likely to 
fall into them. To continue, we have found the height 279.36> 
and we carefully ascertain that this is at 5 miles 7 chains, where 
the formation height is 277-06 by the pocket section; but for- 
mation is 2.00 below the level of rails at every stump; then 
277.O6 + 2.00 = 279.O6, which latter is to be rail height at 
this point; but 279.36 — 279.06 = .30, therefore, 279.36 ia 
.30 too high, because it is .30 further from datum than 279.06, 
which is the correct height, and, consequently, we must have 
the top of our bed-mould .30 lower than 279.36 ; we trust this 
is sufficiently plain. Now, let the stafi^ be still at 279.36 read 
ofi^, and see that you read the same height as before^ say 4.20; 
since it is .30 too high, if we could read ofi^ 4.50, the levelling 
staff would then be standing on some object at the correct height 



♦ A bed-mould is a stake of about 2' x 3" x 3". 
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of rail, for 4.50 - 4.20 = .30 fall, and 279.36 — .30 = 279.06, 
which is rail height ; we have, therefore, nothing to do but to 
drive in a bed-mould, until the levelling staff being placed upon 
it, we read off 4.50, when we shall have rail height at 5 miles 
7 chains. We must now continue driving in these bed-moulds 
at intervals, a certain number of chains apart, up or down the 
line. On a level we should have but to plant the level midway 
between the first bed-mould, and the chain stump where the 
second would have to be driven ; read off the staff on the first 
bed-mould, say 4.50 ; then driving in a bed-mould at any point 
along the intended level, until we read off 4.50 again, we should 
have a second bed-mould level with the first, since 4.50 — 4.50 
= 0.00, or no difference of level. But say we are going down 
the line, and that our gradient is 1 in 150 or .44 per chain ; as 
we are going down we shall have to drive our bed-moulds lower 
than the last by a height of .44 x the number of chains further 
on at which the next bed-mould is driven, that is for 1 chain 
.44 lower, for 2 chains .44 x 2 = .88 lower, 3 chains 44 x 3 
=1.32 lower, and so on ; setting out the levels along a straight 
line, it will be sufficient, if the bed-moulds be driven at 4 or 5 
chains apart ; but on a curve they should not be farther apart 
than 2 or 3 chains length, and it will be found more likely to 
keep the work of the plate layers correct, if these heights be 
driven on one side and the other of the line alternately ; sup- 
posing that we are now setting out the levels on a straight line 
and falling gradient, and at 5 chains apart, we should first plant 
the level about half way, the staff remaining on the bed-mould 
279.06; now .44 x 5 = 2.20; then at 5 miles 12 chains rail 
height will be 2.20 lower than 279.06 or 276.86. Read off the 
staff, say 4.80, and then let it be taken down to the bed-mould 
at 5 miles 12 chains; since the rails at this stump should be 
2.20 lower than at the former stump, we shall have to add this 
depth to the last reading of 4.80; and this -h 2.20 = 7»00; and 
the bed-mould must be driven until we read off correctly this 
second reading; for B.S. 7.00 — F.S. 4.80 = 2.20 fall, and as 
above, 279.06 — 2.20 = 276.86 from datum. Let us now sup- 
pose we are going up the gradient, instead of adding .44 x 5, 
we should have to deduct it from the reading required on the 
bed-mould, at 5 chains higher up the line, since this would be 
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.44 X 5 = 2.20 farther from datum since it is a rise ; then hav- 
ing again planted the level midway to obtain this rise, read off the 
staff on bed-mould 279.06, say 5.43, then 5.43 — 2.20 = 3.23, 
which is the reading we shall require at 5 miles 2 chains ; and 
the bed-mould must be driven until we have this reading, when 
the staff is held upon it ; for B.S. 5.43 — F.S. 3.23 = 2.20 rise 
gradient upon 5 chains, and 279.06 + 2.20 (since we are rising, 
and, therefore, getting further from datum) = 281.26. On a de- 
scending gradient, therefore, the difference of levels for a certain 
number of chains must be added to the back sight ; and on a 
rising gradient this quantity must be deducted from the back 
sight ; in the first case, therefore, it is always -f , in the second 
always — . If we have been minute in explaining this, it is 
because we have once or twice found it rather unintelligible at 
first to beginners, who are apt in setting out to confuse the datum 
line with that which corresponds to the axis of the telescope of 
the level. Having set out two bed-moulds we proceed in the 
same way if we require a hundred, and we will, therefore, only 
add the farther recommendation, of planting the instrument 
about halfway between all the stations ; and this more particu- 
larly to avoid the error consequent upon any want of adjustment 
in the level, and further, the most indispensable condition that 
having set out the last bed-mould required, we must produce the 
levels on to the nearest B.M. for a check on the work, or we can 
have no assurance of the accuracy of the levels. On checking 
up to the B.M., of course the last height obtained must be 
that recorded on the pocket section for the height of the B.M. ; 
any difference found will be so much error. Proceeding, for in- 
instance, as before, suppose we have set out 65 chains of levels, 
then .44 x 65 = 28.60, and if we are descending 279.06 — 28.60 
= 250.46 at 5 miles 72 chains; and on levelling up to the B.M., 
which suppose 262.50 we must find arise of 12.04, between the 
last bed-mould set out, and the B.M., because all the levels 
refer to " Datum" as well as to ^^ formation height," and " rail 
height," and from the first of which the two latter are originally 
deduced. In conclusion on this subject, we will add that these 
bed-moulds should be driven so firmly into the ground that in- 
tentional violence will alone disturb them, and that they should 
be so placed as to be out of the way of horses* feet and waggon 
wheels. 
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35. On account of the tendency which carriages have to 
pursue a straight course when moving along curves, it is neces- 
sary to raise the outer rail, in order to counteract this effort ; in 
the following table will be found the minima quantities usually 
allowed for this ; for a full consideration of the subject, we refer 
the reader to Wood's " Treatise on RailroadSy^ Chap, iv, § 15. 



Radius of Curve in 


Chains. 


10 = 4 


mile. 


20 = i 


> f 


30 -f 


>) 


40-4 


>» 


60 = f 


If 


80 = 1 


»> 



Rise in Inches. 

2.00 
1.07 
0.71 
0.53 
0.35 
0.25 



This difference of level between the two rails on curves is given 
by depressing the inner rail, and raising the outer rail one-half 
the quantity of difference required. 

36. Professor Barlow in his " Treatise on the Strength of 
MaterialSy*^ speaking of the Manchester and Liverpool railway, 
says, " I am disposed to estimate that about one in six of the 
plain butt joints is as perfect as can well be desired, and that 
another one in six is as bad as bad workmanship and negli- 
gence can make it ; the remaining two-thirds varying in cha- 
racter between these two extremes ;^^ this remark made, some 
ten or twelve years ago, may, we believe, with perfect justice, 
be applied to almost every railway constructed ; by experiments 
then made. Professor Barlow found that the deflection of the rail 
on a bad joint was nearly 50 per cent, greater than on a good 
one ; the writer of these pages has repeatedly noticed one rail to 
be one quarter and nearly one half inch higher than that at the 
end of it. What must be the concussion of a 20 ton locomo- 
tive going over such an obstruction at 30 or 40 miles an hour ? 
Again, the joints are often nearly an inch wide, where they 
should not be one-eighth of this width, and the crushing of the 
rail at such a joint will be shown by the lamination after a 
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year's wear. These immense defects result solely from "bad 
workmanship and negligence ;" and the engineer in charge of 
the construction of a railway should^ by the utmost attention 
on his part, as well as on that of his inspector, discountenance 
such shameful practice. It will be found that plate layers, 
when once trained to a better kind of workmanship, will get on 
as well with it as with bad, and the wear and tear of stock, as 
well as the much less liability to accident, will amply repay this 
trouble. The utmost width of joint which should be allowed 
when the rails are laid in cold weather, is one-eighth, and in 
warm weather, one-sixteenth ; this, of course, as closely as can 
be obtained in practice, for with our utmost care we cannot ob- 
tain perfection. Where the curves are sharp or numerous on a 
line of railway, a certain proportion of the lengths of rails should 
be made of an increased length to allow for the greater develop- 
ment of the curve at the outer rail. 

37» By referring back to the articles in this chapter, the 
reader will observe, that the perfection of the permanent way, 
consists in the construction of the formation, and an efficient 
drainage of the same ; the quality of the ballasting and the 
manner in which it is employed ; the seating of the sleepers 
and chairs, and the fixing of the rails ; the straightness of the 
line, or the regularity of the curve ; the correctness of the levels ; 
the fitting of the butting joints, and the transverse levels of the 
rails. It will be seen at once, and the more by greater consi- 
deration, that the soundness of the permanent way depends as 
a whole upon a number of minutiae, and the expense of its 
maintenance, as well as its efficiency, will be exactly in propor- 
tion to the degree of attention given to each and all of these 
details being practically carried out. 
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CHAPTER IV. 



Setting out Works. 

38. The constructive works on a railway consist principally of 
bridges and culverts, viaducts and tunnels, and retaining walls ; 
and these are either on the square or on the skew, on straight 
lines or on curves. We will endeavour to point out the me- 
thods employed in practice for setting out these works, under 
these different circumstances. 

39. As the first case in bridges over or under roads, we 
will take the bridge, Figs. 28 and 29, intended to carry the rail- 
way over a road ; the road is at right angles to centre line or 
nick A B, and the bridge will therefore be on the square ; also 
the centre line of railway is straight ; the span of the arch is 20 
feet, and the half width of the bridge from the centre to the 
outside of the parapet is 15 feet, as C D ; the face of the abut- 
ment will therefore be 15' x 2 = 30'. The centre line being 
stumped out, we have only to transfer the dimensions in the 
drawing on to the ground ; set out the centre C, which will be 
in the middle of the road, unless any particular circumstance 
render it advisable to place this centre nearer towards A or B. 
But we will suppose it at C, and of course in the centre line of 
railway ; from C set out 10 ft. towards A at E, and the same to- 
wards B at F, when we have the span set out ; from E and F, 
set out E G and F H, both accurately at right angles to A B, 
the centre line, and upon E G and F H measure off 15 ft. for 
half the width of the faces of the abutments, as at I and K, and 
measure the distance I K, which should be 20 ft., if the first 
distances C E and C F have been accurately set out, and 
if E G and F H are both at right angles to A B, repeat 
the same operations on the other side of A B, and if the 



lines be accurately set out, we shall have G I E and H K F, 
both produced; this being done, drive in stumps at G and 
H, and at G I E, and H K F, both produced; and note that 




these stumps must be out of the way of the excavators, as 
by these stumps the masons have to line out the faces of the 
abutments. Now from the nick or centre line again, and at 30 
or 40 ft, from the centre C, as at A and B, set out A L, and 
B M, also accurately at right angles to A B, and upon A L 
and on B M measure off 15 ft. again as at N and O, when 
N I K O will be one straight line, and drive in stumps at N 
and O, do the same thing again on the other side of A B, and 
we shall have the principal lines and dimensions set out, 
namely, the centre line A B, the faces of the abutments E I, 
FK, and the half width of the bridge by NO, also at any 
time when the centre line A B may be obtained ; by these 
lines we may set out all the other dimensions. We have now 
to give the length of the wing walls, which length will depend 
on the height of the embankment; in this case it is 21' 6, at 
slopes 2 to 1 ; this gives 43 ft. from the ends 1 and K of the 
abutment to the foot of the bank; but we have the newel, 
which is 4 ft. high, and which is constructed back into the 
embankment at the distance from the foot of 4 x 2 the ratio of 
slope = 8, and therefore the length 43 ft. — 8 will become 35 fl. 
for the length of the wing walls, which should also be stumped 
down ; the distance K P, is equal to the depth of the arch 
stones ; see the elevation, and the length P Q, depends on the 
batter or slope to be given to the pilasters ; we will say 1 in. 
per foot, when, since the pilaster is 21', 6" in height, this be- 
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ing the depth of bank, we shall have 21^ in. of batter; to this 
must be added Sin. for the projection of the short pilaster 
above the string-course, and we shall have 21^" + 3" for the 

Fig. 29. 




total projection of P G. But this is on the supposition that the 
site of the bridge is perfectly level, which it is very likely not to 
be ; Gl may be 2 ft. lower, and 21 ^ will become 23^, or GL may 
to be 3 ft. higher, when we must deduct 3", and make 21 ^ equal 
18J, and every one of the four pilasters may be at different 
levels from the centre, and therefore would require a different 
projection for their batter. This last remark refers to wing 
walls exactly in the same way; for which reason we always 
" set out the slopes'* at every road or site of bridge, and the dif- 
ference of level being then correctly allowed for, we have but to 
multiply the height of the newel by the ratio of slope, say 
4x2 = 8, and set out the end of the wing wall at 8 ft. inside of 
the foot of the embankment ; when working drawings have 
been plotted without cross sections, these deviations from the 
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drawings are almost interminable. We will suppose, for in- 
stance, that in consequence of the ground rising, the end of the 
wing wall comes at a a, instead of where it is shown at Fig. 29 ; 
we should have to transfer the thickness of the wing as shown 
on the drawing at the newel to this new situation for it, which 
would alter the dimensions all along ; a short practical rule for 
determining the mean thickness of wing walls, is to multiply 
the height by .25, which will give a quarter of the height for 
the mean thickness : for heavy masonry, .22 will be sufficient. 
In setting out the wing walls, an allowance must be made for 
batter according to height, if an inclination is to be given to 
them. In the simple case which we have had under considera- 
ation, it is scarcely possible to commit any error ; but we have 
been minute, because if the dimensions were all treble, we 
should proceed by the same means. 

40. In setting out, measuring rods are far preferable to 
tapes, and we also use about half a dozen short boning rods, 
about 5 ft. long, and a good line, which may be procured from 
the masons ; and in setting out a right angle, where the lines 
are long, we also make use of a box sextant, which is most ac- 
curate^ quickly used^ and may^ without being felt, be carried in 
the pocket ; in short, we strongly advise the assistant-engineer 
to neglect no means to make his work accurate, and to employ 
every mechanical means which may aid him in doing this ; the 
rapidity also with which the various operations of setting out 
are performed, will depend upon his knowledge of the applica- 
tion of mechanical means. 

41. As a second case, we will set out a bridge carrying the 
railway over a turnpike road, and a stream running by the side 
of it ; the centre line of railway is on a curve of 60 chains ra- 
dius, and the road is at right angles to the centre line. Let 
Fig. 30 be the curve ; if we were to set out the faces of the abut- 
ments at right angles to this curve, we should have a conoidal 
instead of a cylindrical ring for the arch, and the span at one 
end would be considerably greater than at the other. If we w-ere 
to set out the work in this manner, it would be by setting out 
perpendiculars at right angles to the chords, and these perpendi- 
culars would not be parallel, because the contiguous chords are 
not parallel ; to overcome this obstruction, it is usual in prac- 
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tice to proceed m the following way : — Fig. 30 being a curve of 

30 chains radius, the offset, when setting out by chords, would 

Fig. 30. 
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be 13.2 in inches^ and if setting out by tangents^ it would be 

13.2 

— ^ = 6*6 ; set out one quarter of 13.2, or one half of 6,6, 

which is equal to 3.3 in inches; from stump a and stump b, 
towards the outside of the curve, set out 3.3 as at A and B, and 
from stump c, set out the same dimension 3.3, toward the in- 
side of the curve at C ; we shall thus obtain a line, A C B, 
which will be at a mean distance between the chord a b, and 
the tangent d e, and on which we can set out the dimensions 
of our bridge on the square. Now let A C B, Fig. 31, repre- 
sent A C B', Fig. 30 ; we proceed, as shown at Art. 38, by first 
setting out the span of 40 ft., 30 ft. for the width of the turn- 
pike road, and 10 ft. for the width of the stream, on account of 
which latter the centre of the arch will not be over the centre 
of the road : E C F being the span of 40 ft. on the straight line 
A B, set out E G, F H at right angles to A B ; produce the line 
thus sighted to the other side of A B, set out the half faces of 
the abutments, measure from face to face at each end, that the 
spans at each side of the bridge be equal ; set out I K, at 15 ft. 
from the centre line A B, and on each side of it, and see that 
these points are perfectly in line with each of the faces of the 
bridge ; we have now found our principal lines, and have but 
to set out the batter of the pier with due attention to the pro- 
jection for batter being proportioned to inclination per foot and 
height of each pilaster relative to the centres of abutments E 
andF. 

42. Wing walls are built to prevent the earth in the slopes 
of the embankment from spreading over the road, and it is ne- 
cessary that they do this effectually, without danger of being 
overturned or deformed with lines mutilated by bulging out. 
It was customary some years since to give them a considerable 
spread, thereby increasing the quantity of masonry, besides 
making a bridge of a single arch, quite a secondary feature in 
comparison to its outspreading and overshadowing wings. It 
is too common a practice, merely to mark out on the ground 
the extreme length of the wing wall, and to leave the foremen 
of masons to settle the rest as best they may. From long prac- 
tice on railway works, many of these men possess a knowledge 
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deduced from experience, which they apply with an intelligence 
and earnestness deserving of great esteem ; but there are also 
a greater number of them who are totally ignorant of all prac- 
tical means for doing the work, unjustly left to them by idle- 
ness or ignorance equal to their own ; and but too often the 
result is a wing wall of crooked curvature, with a tumbling ap- 
pearance which would do credit to the efforts of a thousand 
years, to say nothing of the real weakness of such brickwork or 
masonry, if it deserve not rather the name of a heap of rubbish. 
The following methods will be found as practical as they are 
simple : set out the projection of the pilaster a ft, and the re- 
turn, and make c d equal to the width of the pilaster, and pa- 
rallel to F H, by measuring off from the face of the arch in the 
direction of H, a distance equal to the projection, plus the 
width of the face of pilaster, as at L, and from L a perpendicu- 
lar equal to the depth of arch stone, plus also the width of the 
face of the pilaster. For number 1, pin a mason's line at 
centre d» and with the length d c describe the quadrant c e, 
from which produce the tangent e 1 ; this method is, however, 
only applicable where the length of the wing wall does no ex- 
ceed 15 or 20 ft., because the straight line e 1 is by no means so 
well adapted to resist thrust as a curved wall. For number 2, 
describe the curve cf from the same centre, but make cf equal 
to c rf, produce /d to h^ making fh equal to 3 times /d^ and 
from h with a tight line describe the curve /i from any point of 
which you may produce a tangent to the site of the newel as 
cfi 2 ; for the reason above assigned, the straight line should 
never be longer than one-third or one-half of the total length, 
unless there be compulsive existing circumstances from locality. 
For number c 3, describe the curve again from centre rf, and 
again make cf equal to c d^ produce fd to A, which is at an equal 
distance from the face of the bridge at 3, and from k describe 
the arc/* 3. For number c 4, still making d the first centre, and 
with same radius rfc, describe the arc c^, making cff equal to 
two-thirds o{ dcy producing ffd to I at the same distance from ' 
the face of the arch as 4, and from centre I describe the arc ff 4. 
For number c 5, c wi is but one-third of c rf, the centre of second 
arc being produced being at /i on md produced ; the two latter 
curves, from their wide sweep, are adapted to the wing walls of 
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a viaduct rather than to a bridge. By adopting any of these 
methods^ it is not to be supposed that the lines drawn on paper 
are to be transferred to the ground ; it will be sufficient to give 
a few points on the curves, and to leave the centres well fixed 
for the reference of the masons, who will perfectly well know 
how to employ them. By assuming as a first radius a length 
equal to the width of the pilaster, the curvature is always adapt- 
ed to the magnitude of the work, in the same manner as the 
pilaster. 

43. An oblique direction of a river, road, canal, &c., may 
render it necessary to spread the w'ing wall to a considerable 
distance back into an embankment, when it will be much easier 
and fitter to set out the curve by ordinates found on the chord 
at equal distances from the middle of it, and for doing this there 
is a simple practical rule, when we have the length of radius 
and that of the chord. In Fig. 33, let B, the radius, be 80 ft., 
and C, the chord, 50 ft., for curve A B. 

/ c \ * 
>/ R — [-2) = Cos. 

R — Cos. = Vers. Sin. 
R» = SO* = 6400. 

(|-)'=25» = 625. 

and >/ 5775 = 76 = Cos. 
(R) 80 — (Cos.) 76 = V.S., 4. 

V. S. equal to 4, will therefore give us one point on the curve 
as at S. We now want to obtain the length of the ordinates at 
given distances from the middle of the chord A B, that is, at 
given distances from the versed sine V. S. ; say first 10 ft. 

From R» = 6400 
Deduct Vfl*= 100 



From >/ Diff- 6^00 = 79.36 deduct the Cos. 76. 

76. 

3.36 = aa. 

3.36 is then equal to the ordinate a a, a' d at 10 ft. from V S, 
and by the same rule we may find any number of points in the 
curve, each calculation supplying 2 points at equal distances 
from the middle of the chord A B. When the foundations 
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have been excavated and the masonry brought up to the level 
of the surface, a few points may be thus set off for the curve, 




9 

00 



and this precaution will remove all danger of an unsightly 
wing wall. It is very much to be hoped that the reader will 
now be persuaded of two things : how easy it is to avoid a 
series of unequal curves joined by short straight lines at all 
possible angles, and to obtain a wall of regular curvature 
throughout ; and that in a viaduct, a bridge over a river or 
turnpike road, however simple the design and rough the mate- 
rials, if the work be correctly set out with regard to curvature 
and inclination, it will always surpass in elegance the most 
finished design and highly wrought materials, carried out and 
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put together without attention to the particular points on 
which we have dwelt at a length which may appear fastidious, 
but nevertheless considered necessary from the very slovenly 
manner in which this work is too often done. 

44. In setting out a bridge in a cutting, we proceed by 
similar means, finding the centre line of railway A B, and the 
centre line of the road, the intersection of which lines will of 
course be the centre of the bridge ; from the centre line C D, 
Fig. 34, set out the faces of the abutments, each of which will 
be at a distance from the centre equal to the span, and make 
these lines of faces secure by stumps ; the length of the wing 
walls will be regulated by the width of base of slopes, and will, 
in sidelong ground, be longer on one side than on the other, and 
before they can be accurately fixed, the edge of the slopes will 
require to be determined carefully ; the two short pilasters ter- 
minating the wings should stand clear of the slopes. Bridges 
carrying roads over railways in sidelong ground, will require 
strict attention to the original or new inclination of the road. 
Fig. 35 shows a bridge under a level road ; but suppose the 
gradient to be I in 30, and the distance from centre to centre of 
pilaster to be 36 ft., the top of the pilaster A will be 1.20 higher 
than pilaster B ; any neglect on this score would produce at 
least a crooked string course, and the metalling of the road over 
the bridge being higher up along the parapet at one end than 
at the other, besides the necessity of raising the parapet to 
obtain the four feet height above surface according to " stand- 
ing orders.^' In Fig. 35, let the dotted line C D represent 
the gradient, C, D, being the edges of slopes ; by levelling from 
C to D we obtain the difference of levels. 

CD = 92.00 

Diff. of levels = 3.06. 
From D to O = 44 ft., and from O to B = 185 44 — 18 = 26; 
and difference of levels for 26 ft. = .86, and for 44 ft. = 1.46 ; 
and 1.46 — .86 = .60 difference of level between crown of arch 
and pilaster B ; but the crown of the arch is 20 ft. above rail- 
way formation, and 20 — .60 = 19.40 for height of B pilaster^ 
and for A 20 -h .60 = 20.60, and for the batter of pilaster at 
1 in. per foot we shall have for B 19^ in., and for A 20^. In 
practice, having the gradient, we have but to deduct it from or 
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add it to the height from formation to the crown of the arch, to 




i 



ascertain the height of each pilaster. When about to set out a 
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bridge in a cutting, the engineer will often find that he has to 
do this in very rough ground, as at Fig. 35 ; and as we should 
have to bone out over the very uneven surface C A F D, the 
eye would be very likely to get out of the lines A B, Fig, 34, 
and C D, Fig. 35 ; but if we fix C D correctly, and strain a line 
from A to D, we can find G H with due precision. This pre- 
caution will be found the more requisite in deep cuttings, where 
three arches often span the excavation, the centres of which, as 
well as the centres of the piers and abutments, must all be in 
one line, and an error, whatever it may be, will be a miserable 
distortion which must be ripped up at one side and patched 
upon the other. By using a plumb line at about A or D, 
Kg. 35, we can easily make it coincide with that strained across 
the cutting, and thereby sight out the centres of abutments or 
piers, 

45. The methods of setting out on the square being well 
understood, there will be no difficulty in readily apprehending the 
means employed to set out works on the skew, in which either 
the faces of abutments are at a given angle, and the faces of the 
arch parallel to the centre line of railway, as when the bridge 




carries the rails over a road or river, or the faces of the arch are 
at a given angle, and the abutments are parallel to the centre 
nick as when the bridge carries the road over the railway ; in 
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either case, the dimensions on the square being given, these will 
always remain the same on the square j however the skew dimen- 
sions may vary, which will be with the angle of skew, as in 
Fig. 36, in which let G B, G B', G B", G B^ be the centre line 
of railway, when C D, E F, will be the lines of the faces of the 
arch ; but if G H, G H', G H'', G H"', be the centre line of road, 
then will C D, E F, be the lines of the faces of the abutments ; 
and G B, or G H, being the lengths on the square, G B', G B", 
G B"', or G H', G H'', G H''', will be the lengths on the skew, 
and these latter lengths will become greater, as the sine of the 
angle G becomes less ; the skew length, therefore, is in the in- 
verse ratio of the sine of the angle of skew G M B''', &c., 
G N H''', &c. ; we have therefore ready means of ascertaining 
the skew lengths. In Fig. 37, let B H be the span on the 

Fig. 37. 
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square, and let B' H' be the span on the skew, B' G M being 
the skew angle, the value of which has of course been ascer- 
tained by instrumental measurement, C D, E F, being the lines 
of the faces of the abutments. In the right angled triangle 
B G B',— 

: G* :: BG : GB'; 
v G = 5 c, 
sv = cGy 

B G and G s are each = radius, 

G B' = cosecant, 



vG 



but 
and 
and 
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and sc is the sine, and c G is the cosine of the angle B' 6 M of 
skew ; hence we have : — 

sine of angle : radius : ; radius : cosecant ; 



or. 



radius * 
nat. sine 



= cosecant ; 



or. 



span on the square ' _ j^^^. ^^ ^^^ ^^^^ 

natural sine 

Having found the span on the skew, we have next to ascertain 
the width of abutments on the skew. Make B P, Fig, 37, the 
half width of abutment on the square^ equal to the half span on 
the square, as, for instance, we should have in crossing a 30 ft. 
road, with 30 ft. for the width of formation ; through P draw 
P R, parallel to B H, and with radius G B' describe the arc 
B B' M ; through M draw DMT parallel to B' H'. In paral- 
lelograms B G « P, D M G B', 

BP : BG :: B'D : B'G; 
and B P = B G, then B' D == B' G ; 

and the half skew width of abutment D B' is equal to the half 
skew span G B', when, on the square, these dimensions are equal. 
In Fig. 38, let A B be the line on the square of the road, C D 







Fig. 38. 
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the line on the skew, and E F a line of one face of abutment ; 
G H is the half width on the square, and K G the half span on 
the square ; the length of G L, the half skew span, we can ob- 
tain as above, Fig. 87, having the angle L G H. Make L M 
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perpendicular to C D, and equal G H the half width 'on the 
square^ and draw F B parallel to C D ; join K H, make G A 
equal to G L, the half skew span, and make A n parallel to K H. 
In the right angled triangle A G ti, — 

KG : GH :: AG 

but, 

AG = GL, 
therefore. 

KG : GH :: LG 



Gw, 



Gn; 



and in parallelogram G F, 



Gw = LF; 



then, 
but, 



and. 



KG: GHorKL::LG : GnorLF; 

K G = half square span, 
K L = half square width. 



therefore, 

half square span 



G L = half skew span, 
L F = half skew width ; 



half square width 
skew width. 






half skew span : half 



The following tables of half skew spans have been construct- 
ed to expedite these calculations ; where the skew span is 30 ft., 
having the angle of skew, we have but to refer to the angle in 
the tables, and alongside of it will be found half the skew span ; 
if the span on the square is more or less than 30 ft., it will be 
but a simple matter of proportion to find the corresponding 
skew span ; as for a 40 ft. square span at an angle of 50*',00 ; 
the tabular number for 50°,00 is 19.58, then 

15 : 19.58 : : ^ : 26.10; 

and 26.10 x 2 = 52.20 for the skew span. And for the skew 
width, with 20 ft. on the square width we have. 



40 

2 



20 
2 



^ : ~ : : 26.10 : 13.50. 



n 



TABLE 

Of Skew Lengths for 15 feet on the square; or radius 

Cosceant = Tabular Number, 



= 15, 



Angle of 


Skew 


Angle of 


Skew 


Angle of 


Skew 


Skew. 


Length. 


Skew. 


Length. 


Skew. 


Length. 


25^00 


35.49 


31", 00 


29.12 


37",00 


24.92 


10 


35.27 


10 


28.98 


10 


24.83 


20 


35.05 


20 


28.84 


20 


24.73 


30 


34.84 


30 


28.70 


30 


24.64 


40 


34.63 


40 


28.57 


40 


24.55 


50 


34.42 


50 


28.44 


50 


24.46 


26^00 


34.19 


32^00 


28.30 


38°,00 


24.36 


10 


34.01 


10 


28.17 


10 


24.27 


20 


33.61 


20 


28.05 


20 


24.18 


30 


33.62 


30 


27.92 


30 


24.10 


40 


33.42 


40 


27.79 


40 


24.01 


50 


33.23 


50 


27.67 


50 


23.92 


27%00 


33.04 


33°,00 


27.54 


39",00 


23.83 


10 


32.85 


10 


27.42 


10 


23.75 


20 


32.67 


20 


27.30 


20 


23.67 


30 


32.48 


30 


27.18 


30 


23.59 


40 


32.30 


40 


27.06 


40 


23.50 


50 


32.13 


50 


26.94 


50 


23.42 


28*,00 


31.95 


34»,00 


26.82 


40»,00 


23.33 


10 


31.78 


10 


26.71 


10 


23.25 


20 


31.61 


20 


26.60 


20 


23.18 


30 


31.43 


30 


26.48 


30 


23.10 


40 


31.27 


40 


26.37 


40 


23.02 


50 


31.10 


50 


26.26 


50 


22.94 


29*.00 


30.94 


35".00 


26.15 


4r,oo 


22.86 


10 


30.78 


10 


26.04 


20 


22 71 


20 


36.62 


20 


25.94 


40 


22.56 


30 
40 
50 


30.46 
30.31 
30.15 


30 
40 
50 


25.84 
25.73 
25.62 


42»,00 
20 
40 


22.41 
22.27 
22.13 


30".00 
10 


30.00 
29.85 


36^00 
10 


25.52 
25.42 


43^00 
20 
40 


21.99 
21.86 
21.72 


20 


29.70 


20 


25.32 


30 


29.55 


30 


25.22 





29.41 


40 


25.12 






50 


29.26 


50 


25.02 
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TABLE 

Of Skew Lengths for 15 feet on the Square ; or Radius 

Cosceant = Tabular Number. 



15, 



Angle of 
Skew. 


Skew 
Length. 


Angle of 
Skew. 


Skew 
Length. 


Angle of 
Skew. 


Skew 
Length. 


44°,00 


21.59 


55°,00 


18.31 


7r.oo 


15.85 


20 


21.46 


20 


18.20 


30 


15.82 


40 


21.34 


56»,00 


18.09 


72».00 


15.76 


45°.00 


21.21 


30 


17.99 


30 


15.73 


20 
40 


21.15 
20.97 


57°,00 
30 


17.89 
17.78 


73°,00 
30 


15.68 
15.65 


46°,00 
20 
40 


20.85 
20.73 
20.62 


58°,00 
30 


17.69 
17.59 


74».00 
30 


15.60 
15.57 


47°.00 
20 


20.51 
20.40 


59^00 
30 


17.50 
17.41 


75».00 
30 


15.53 
15.50 


40 


20.29 


60'»'00 


17.32 


76°.00 


15.46 


48».00 


20.18 


30 


17.23 


30 


15.43 


20 


20.08 


6r,oo 


17.15 


77%00 


15.39 


40 


19.98 


30 


17.07 


30 


15.36 


49°,00 


19.87 


62°,00 


16.98 


78°,00 


15.33 


20 


19.77 


30 


16.91 


30 


15.30 


40 


19.68 


63^00 


16.83 


79^00 


15.28 


50°,00 


19.58 


30 


16.76 


30 


15.25 


20 
40 

5l^00 
20 
40 

52»,00 
20 


19.49 
19.39 

19.30 
19.21 
19.12 

19.03 
18.95 


64^00 
30 

65%00 
30 

66°.00 
30 


16.69 
16.62 

16.55 
16.49 

16.42 
16.36 


80°,00 
81^00 
82°,00 
83°,00 
84^00 


15.23 
15.19 
15.15 
15.11 
15.08 


40 


18.86 


67°.00 


16.29 


85°,00 


15.06 


53°,00 


18.78 


30 


16.24 


86^00 


15.04 


20 
40 


18.70 
18.62 


68»,00 
30 


16.18 
16.12 


87°.00 


15.03 


54°,00 


18.54 


69^00 


16.07 


88^00 


15.02 


20 


18.46 


30 


16.01 


89^00 


15.01 


40 


18.39 


70^00 


15.94 










30 


15.91 
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46. We can now proceed to the practice of setting out 
works on the skew, and as an example we will take the bridge 
shown at figures 39 and 40, the skew angle of which is 55°,30, 
and the span on the square 36 ft. By the tables we obtain 
18.20 for 15.00 on the square, at an angle of 55°,30'. We have 
then the following proportion : — 

15 : 18 : : 18.20 : 21.84; 

therefore 21.84 will be our half skew length, by S. And for the 
half skew width we have the next proportion, without referring 
to the tables, although we have 15.00 for the hslf square width, 

18 : 21.84 : : 15 : 18.20; 

therefore 18.20 is the half skew width. And we have now our 
skew dimensions, 43.68 and 36.40. Now proceed to setting out 
on the skew centre lines A O A', DOE, as shown at S», for 
setting out on the square. That is, from any point A, on one 
centre line, at right angles to A O, set out the square dimen- 
sions of 15', on each side, as at B, and C, and do the same thing 
from A', at B' and C. On the centre line D E, at any points 
D and E, set out also at right angles the square dimensions of 
18', on each side of D E, as at F and G, and at F and G' ; the 
intersection of these lines will give the points K, L, M, N, and 
K L, M N, will be the skew faces of the bridge, and K N, L M, 
will be the skew faces of the abutments. Now measure K L, 
and N M, and if each respectively give 43.68, or 43', 8", then 
D E, the centre of the road, will be at an angle of 55**,30" with 
the centre line A A', but not otherwise. The angle, or supposed 
angle of skew is generally measured from the plan, and the 
drawings made in the ofiice, and the skew proportions given 
accordingly ; unless the plan be very correct, there may be, and 
often is, a considerable difference between the angle of skew on 
the drawing and the angle on the ground, that is, the angle 
formed by the centre line of the railway, and the centre line of 
the road ; this absurd discrepancy can always be obviated by 
measuring the skew angle on the ground before the drawing is 
commenced as w^e have pointed out in the commencement of 
these pages. When, however, this discrepancy is found to 
occur, many persons shift the centre of the road E D, more or 
less one way or the other, until the right dimensions for K L, 
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N M, are obtained, and a very slight deviation of D E will ma- 
terially alter the angle ; this is called " fitting'^ the work, and 
the reader may form judgment for himself as to what it ought 
to be termed. By setting a box sextant to the given angle, and 
standing on the centre line A A', and as near as possible to O 
on the centre line D E of the road, set out the angle, proceed 
as above with setting out the dimensions, and the matter is set- 
tled without any " fitting/^ Make fast the points C, B, C, B', 
F, G, F', G', and the faces of the bridge as well as the faces of 
the abutments may at any time be found, as well as their skew 
dimensions. In setting out skew bridges, attention should be 
given that the projection for the batter of the pilaster project 
not into the line of the face of the abutment. With regard to 
the wing walls, it may be mentioned that on level ground the 
four newels would include a rhomboid, of which the sides would 
be parallel to the sides K L M N, from which they would deviate 
as the ground, according to the rise or fall of the ground on one 
side or the other. In K R, M R', the radius of the first circle 
is equal to the width of the pilaster, and the centre is on a line 
at right angles to the face of the bridge, and the chord of the 
circle is equal to the radius ; the radius of the second arc is 
found by sighting the line from the end of the first arc through 
the centre on to the foot of the slope, or thereabouts. S, S', are 
at a distance from the centre of the road equal to that of R, R', 
from the same centre line, and the radius of L S, M S' may be 
made equal to the chord. It will be perceived that by lengthen- 
ing the first arc of K R, M R', the terminal or newel may be 
brought nearer to the centre line D E ; however, these wings 
may be set out, every care must be taken that the newel be the 
most distant part of the wing wall from the centre line D E, or 
a very deforming effect will be produced. Skew bridges are 
expensive structures not only from the increased dimensions of 
the body of the bridge, but also from the extension of the wing 
walls ; where in heavy embankments it is more economical to 
bring the wings into the body of the embankment, straight with 
the faces of the bridge, and terminate them at a distance equal 
to the depth of the embankment multiplied by 1^ or 2, and thus 
slope the embankment down to the pilaster, or a short dwarf 
wall may be constructed in line with the length of the abut- 
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ment. The case above given being in embankment, \(rhere the 
ground would be clear and free from encumbrances, would not 
offer the same obstacles as a skew bridge in a deep cutting, when 
the beginner would find it necessary and advisable to have re- 
course to the means pointed out at Figs. 39 and 40, in order to 
secure accuracy with regard to the centres, the dimensions, and 
the angles of the piers and abutments ; but in this, as in all the 
former [cases, the rules given, and methods pointed out in the 
foregoing pages, are in every sense so strictly practical, that the 
student, after due attention and thought bestowed on them, may 
be perfectly confident of success if he be careful, and if he be 
not misled by the *' rough and ready school,'' and induced to 
have recourse to " fitting. 

47. The methods of setting out viaducts on the square or 
on the skew are so analogous to the preceeding cases, that it 
would be but a repetition to go into them, with the exception, 
however, of its being advisable to set out the lines of the centres 
of the arches as well as those of the faces of the piers and abut- 
ments, the stumps noting the lines for the arches being less 
liable to disturbance than those of the piers and abutments even 
when kept at a distance from such heavy works as a viaduct, 
and it need not be added that equidistance and perfect parallel- 
isms are essentials in setting out such a work. With regard to 
the levels, instructions will be found in the next article, which 
will treat of setting out a viaduct on a curve. 

48. In setting out a viaduct on a curve, the first points to 
be obtained on the ground and on the centre line, will be the 
centres of the arches ; and the distances of these from each other 
will depend on the dimensions of the span and the thicknesses 
of the piers, and each of them must be set out on a curve of a 
given radius, which should be done by chords or by tangents. 
The subject of setting out curves having been treated on in the 
first part of the " Assistant Engineer's Guide," but little will be 
said on the subject here. By dividing the distance in inches 
by the number of chains in the radius, we shall get the offset 
to the chord as nearly as it can be set out, and half this offset 
only will be used when setting out by tangents. In Figs. 41 
and 42, we have a viaduct on a curve of 40 chains radius, the 
distance firom centre to centre being 30 ft. for the span, and 

G 
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4', 6" for the thickness of each pier ; SOf + 4'fi" = 34',6" will 
therefore be the distance from centre to centre, either of the 
arches, or of the piers, or 414", and 414 -h 40 = 10".3, in setting 
out by chords, or 5.1 in setting out by tangents ; let A, B, C, D, E, 
be these centres of arches on the curve A E. In Fig. 41 it will 
be seen that the arches are all square, that is, that the span of 
the face nearest to the centre of the curve is equal to the span 
of the outer face, each being of 30 ft. ; were it otherwise, we 
should have a conoidal arch, and this of course will greatly in- 
crease the inequality of the piers at each end. Now in these 
cases, the difference between the arc and the chord is so small, 
that it may be disregarded, and we may assume the length of 
the chord for that of the arc, in calculating the difference 

Fio. 42. 




between the lengths of A B, a J, a* V ; let A O, B O be radii of 
40 chains, or 2640 ft., a O, i O, radii 2640—15 = 2625 ft., and 
a' O, £ O radii of 2640 + 15 = 2655 ft., that is, assuming the 
transverse axis of our arch as 30 ft, ; we have 

AOorBO : AB ::aO oriO :ai, thatis, 
2640 : 30 : : 2625 : 29.82, or 29' 10" nearly, 
and 30^ — 29',10" = 2" ; 
that is, that 2" is the quantity which we shall have to deduct 
from the thickness of the piers on the inner side of the curve in 
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order to make a J = A B, that is 30 ft., half the difference, or 

1' being deducted from each side. By the same reasoning we 

have 

A O : A B : : a' O : a' y, that is, 
2640 : 30 : : 2655 : 30.17, or 30^,2" ; 

we have therefore 2" again for the difference, half of which is 

to be added to each side on the pier at the end on the outer 

curve. 

Moreover we have 

2640 : 4.50 : : 26.25 : 4.47 ; 

and as 

2640 : 4.50 : : 26.55 : 4.53 nearly, 

therefore at the end nearest the centre, the thickness of the pier 

will be 

4.47 — .18 = 4.29, 
on the centre line 4.50 as given, and at the end of the pier, on 
the outer curve, or the farthest from the centre of the circle, we 
shall have 

4.53 -f .17 = 4.70. 
The above calculations have only been gone into to show what 
the dimensions of the piers will be, as also to explain more 
fully the principles on which such a work as a viaduct on a 
curve is set out. With regard to the practice, having found 
the centres A, B, C, D, E, Fig. 41, set out lines perfectly at 
right angles to the common chord, shown at A, as at a A by 
d B y, a" C h\ ci" D V\ &c., producing them sufficiently out of 
the works that the stumps, securely driven in, may be easily 
found again; and let it be remembered, that if these centre lines 
of arches are lost by the stumps being pulled up, the work will 
require fresh setting out, when the ground may not be in a 
very convenient state for doing so. Having now found the 
centre lines of the arches, measure off from A towards a, and 
towards A, half the width of the viaduct, say 15 ft., as at F and 
G ; also from A set out on the centre line, half the span as at 
1 and 2, and from 1 and 2 on each side of the centre line, and 
at right angles to the common chord, set out again half the 
width of the viaduct, 15 ft., as at H, K, L, M, when HF and 
F L will each measure half the span, as will also' K G and M G, 
if the dimensions have been correctly set out. Now from cen- 

G 2 
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tre B proceed in the same manner, as first on ofBlf, on which 
set out N and O ; then from B on the centre line, say off 15 ft., 
at B 3 and B 4, next 3 P and 3 Q, also 4 R and 4 S ; check as 
before, when P N, R N, Q O, SO, will each measure half the 
span. And now measure the two ends of the piers, when L P 
should measure 4.70, and M Q 4.4? ; treat the arches C, D, E, 
&c. in the same manner, when the position and dimensions 
of all the piers and abutments will be set out, and conse- 
quently the uniform span of the arches ; in setting out in deep 
water, staging, and if necessary, boats or rafts are provided. 
With regard to batter, this is generally a matter of levels, when 
the batter reaches to the foot of the piers ; in Fig. 42, the 
sides of the piers are plumb for a certain depth from the sur- 
face ; but suppose the batter to be ^ in. per foot, at depth 
47.25 we shall have for batter 47.25 — ICK.OO for rise of arch, 
and springer = 37.25 -^ 4 = 9|'', near enough for practice for 
batter on each side; and at 59.15, we shall have a similar cal- 
culation, due attention being given in every case to take the 
gradient into calculation, and to operate only on the depth be- 
low the springer. Having carefully taken the levels over the 
site of the piers, checking on all B M s, the heights to forma- 
tion are easily obtained, from which deducting surface height 
from datum, and from the remainder the rise of the arch and 
depth of springer, carefully including the depth of the level 
of springer, as at Fig. 43, we obtain the height of the pier. 
Care is required in doing this, as it is the only means of ob- 
taining a true and uniform batter, and avoiding a distorted line 
which always shows itself strongly in the arrises of the piers. 

49. In the curves which we usually set out in railway works, 
the versed sine bears but a small proportion to the length of 
chord ; but for reservoirs and other engineering works, we may 
have to set out curves where the versed sine may bear a much 
great proportion to the chord, as in Fig. 44, where let A B be 
the chord, and V S the versed sine ; set out A C from A, and 
B D from B, each equal to V S, and at right angles to the chord 
A B ; also from A, set out A E, at right angles to A S ; and 
from B, B F, at right angles to B S ; through C, S, D, set out 
E F at right angles to S V ; divide A B into any number of 
equal parts, as at 1, 2, 3, 4, &c., and picket them ; divide E F 
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into an equal number of equal parts, as at 1', 2', S', 4', &c., and 
plant rods at each ; and now divide A C, and B D, each into an 
equal number of equal parts, as at G, H, I, K, &c., G', H', I, 
K', &c., and stump these also. Now standing at 1, bone out 
1 1', and an assistant standing at G, let him bone out G S ; in- 
tersection a will be a point on the curve ; repeat the same at 2, 
and at H, when b will be a second point on the curve ; again at 
3, and at I, and c will be a third point, until we have also rf, «, 
/j fff hy ky ly m^ n, Oy p. Of course AB may be divided into 
any number of feet, from V to B, and V A. This method only 
applies where A B and V S are accessible lines, but where this 
is the case, and where a considerable number of points on the 
curve are required, and A B only 200 or 300 yards, it is an ex- 
peditious and accurate way of getting the curve. 

50. In setting out culverts in sidelong ground, attention 
must be given to the length required for the arch ; in general 
it will be sufficient to set out the foot of the slope with accuracy, 
and multiplying the total height of the culvert by the ratio of 
slope, set back the result for the end of the arch, as in Fig. 45, 
where the base of slope is 53.50; height of culvert, 8.50, 
and this by 1^ is equal to 12.75, when we have to set back 
12',9' from the foot of the slope. Cases, however, occur, where 
this is not sufficient. In Fig. 45, the height of embankment 
on the nick is 23 feet, and the height of culvert 8',6'' ; this from 
23 ft. leaves 14.6, for which height the base of the embankment 
would be 36',9", and to this add the fall per foot, multiplied by 
the ratio of the slope ; of course this last quantity would have 
to be deducted on the higher side of the ground. 

51. In setting out the bevels of springers to segmental 
arches, the following proportions are to be observed ; in Fig. 46. 

OR: OS;: RT: RV; 

that is, 

as the radius is to half the span, so is the depth of arch 
stone to R V ; and 

OS: RS:: RV: TV: 

that is, 

as half the span, is to the radius minus the rise of the arch, 
so is R V to T V the rise of bevel. 
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For the extrados thickness of arch stones, 

OR: Rail OT: Tb; 

that is^ 

as the radius for the intrados, is to the thickness of arch 
stones at the intrados, so is the same radius plus R T^ or the 
depth of the arch stone, to T B. 

52. To set out the slope of a wing wall under the coping, on 
the masonry, has been blu yet omitted ; to do which we may use 
the following simple means : — in Fig. 33 a, let A be the point 
in the pilaster and abutment where the top of the wing wall 
runs in, and let B be the top of the newet ; strain a line between 

Fig. 33 a. 




A and B, and fasten it down at those points ; set out C square 
with A and B on the top of the embankment, and make C level 
with A the top of the pilaster ; by stretching a line from C to 
any point on the line A B, we get the required level of the wing 
wall under the coping, wherever the second line touches the top 
of the masonry, each of the lines being in the inclined plane 
ABC. 
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CHAPTER V. 



EXPERIMENTS BY GEORGE RENNIE, Esq. 

No. 1. 

On the Transverse Strength of Wooden Beams resting on rollers, 3 ft. 9 in. 

apart. 



Species of Timber. 



English Oak . . 

Ditto . . . 

African Oak . . 

Ditto . . . 

Ditto . . . 

Ditto . . . 
Yellow Dantzic Fir 

English Oak . . 

Ditto . . . 

Ditto . . . 

African Oak . . 

Ditto . . . 

Ditto . . . 
Yellow Dantzic Fir 



Seotional 
Dimensions. 


Breaking Weight. 


2" X 


2" 


1369 


»» 




1456 


»» 




1425 


»» 




1447 


»» 




1873 


• • 




1968 


»t 




999 


1" X 


1" 


160 


»» 




168 


»» 




193 


»» 




202 


»» 




224 


»» 




224 


*» 




118 



The above and the following experiments, communicated by this 
eminent engineer, were made during the year 1817 and subsequently, 
and being almost entirely new to the profession, are valuable for their 
novelty, and particularly for the light they will afford the student and 
practical man in application of strength, where before all was darkness. 
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EXPERIMENTS BY GEORGE RENNIE, Esq.— Con/mt«?rf. 



No. 2. 



On the Tensile Strength of various Timbers per square inch. 





lbs. 


Ash 


. 12,000 


Beech 


. 10,500 


Elm 


. 10,000 


YeUowFir . . . 


. 9,600 


White Deal . . . 


. 10,000 



lbs. 
American Oak . 12,200 

English Oak . . 12,000 to 10,500 

Riga Oak . . . 12,000 

African Oak, ^m 15,600 to 14,000 



No. 3. 



On the Tensile Strength of different Metals per quarter of an inch square. 



Tensile 
force in lbs. 

Cast Iron, horizontal 11661 

Cast Iron, vertical 1218 J 

Cast Steel, tilted 8391 

Blister Steel, reduced per hammer .... 8322 

Shear Steel, ditto . . . . 7977 

Swedish Iron, ditto .... 4604 

English Iron, ditto .... 3492 

Brass-hard Gun metal (2 trials)' 2273 

Wrought Copper, reduced per hammer . . 2112 

Cast Copper 1192 

Fine yellow Brass 1123 

Cast Tin 296 

Cast Lead 114 



Force in tons 
pr. square inch. 

8.0* 

59.94 
59.44 
52.50 
32.17 
24.94 
16.23 
15.08 

8.06 

8.00 

1.60 

0.81 



* These were unusually strong specimens, but the average of subsequent experi- 
ments on various Irons does not give more than 6^ tons per square inch. 
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EXPERIMENTS BY GEORGE RENNIE, Es^.-^Continued. 

No. 4. 

On the Transverse Strength of Cast Iron Beams, for the purpose of deter- 
mining the effect of Wrought Iron, when mixed toith Cold Blast Blo/enar' 
von Cast Iron in different proportions. 

Quality of iron, No. 1, Blaenarvon, unmixed with wrought iron. 4 ft. 
6 in. long between supports, and 1 in. square. 

Three bars experimented upon, the average weight of each being 
16 lbs. 5oz. 

Average deflection with 506 lbs. in scale, 1.76 in. 
Breaking weight . . 511 lbs. 

Three bars of similar dimensions to the above, with 10 per cent, of 
wrought iron, and weighing upon an average 16 lbs. 9 oz. each; 

Average deflection with 611 lbs., 1.50 in. 
Breaking weight . . 625 lbs. 

Three bars of similar dimensions to the above, mixed with 20 per 
cent, of wrought iron, and weighing upon an average 1 6 lbs. 10 oz. each : 

Average deflection with 628 lbs., 1.58 in. 
Breaking weight . . 672 lbs. 

The results are, that 10 per cent, wrought iron, with No. 1 Blaenar- 
yon cast iron, gives an additional strength of 22^ per cent, and with 
20 per cent, wrought iron an additional strength of 31|- per cent. 



Similar Experiments were made with bars of Blaenarvon Cast Iron, 
mixed with 30, 40, and 50 per cent, of Wrought Iron respectively. 

The results were — 

For 30 per cent, wrought iron, an increase in the 

strength of the bar of 60 per cent. 

For 40 per cent, wrought iron, an increase of . . 33 „ 
For 50 ditto ditto . . 26^ „ 

From which it appears that 30 per cent, of wrought iron, mixed with 

the Blaenarvon, gives the greatest strength. 



90 



EXPERIMENTS BY GEORGE RENNIE, Es(i.— Continued. 



No. 5. 



On the Comparative Strength of similar bars of Blaenarvon Cold Blast 

Iron in different positions, 1 in. square. 



No. 1. 



In the form of an arch, 4 ft. 

6 in. hetween the abutments ; 

rise or versed sine i^ of chord 

.or span, bore 




A bar, similar in every re- 
spect, but the arch inverted. 

No 2 l^^^^ 

' * ) and was therefore 3J times 

/ weaker than the former arched 

\beam. 




1 



The same with versed sine 
of chord or span, bore for the 
mean of 2 experiments . . . 
from whence it appears that the 
No. 3. /bar in this last position was 3.6 
times stronger than the straight 
bar, and 5 times stronger than 
the bar in the form of an in- 
,verted arch of -^ rise. 




ff29.Tla 



Zm 



No. 4. Same as above, but reversed. 




91 



EXPERIMENTS BY GEORGE RENNIE, Esq.— Continued. 

No. 6. 

On the TVansverse Strength of Bars of Blaenarvon Iron, of different 
Forms, Depths and Thicknesses, but of equal Weight with Bars of 
1 in. square, or of 16 lbs. to 17 lbs. each. 



Rectanf^ular 


Bars. 


1 




Weight 
Distance between supports, of Bars 
ft. in. in lbs. 


Depth, 
in. 


> 


Thickness, 
in. 


Breaking 
Weight 
in lbs. 


4 6 16i 


2 




1 


1121 


4 6 16, 10 oz. 


3 




i 


1568 


4 6 17 


4 




i 


2352 



Upper side of bar Parabolic. 



4 6 11 2 i 953 

4 6 11 3 i 1429 

Upper side of bar Semi-Elliptical. 





^ 




IN. 




4 6 
4 6 


12 
12 


2 
3 


1 
T 


950 
1450 



The permanent deflection varies from J to ^ of the breaking weight. 
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EXPERIMENTS BY GEORGE RENNIE, lis<i.— Continued. 



No. 7. 



On the crushing of Stones, 2 ^ecimens of each. 



Side of 
cabein 
inches 


Designation. 


Specific 
Gravity. 


Crashing 

Weight 

in lbs. 


Crashing 
Weight per 
cabic inch 
in lbs. 


2 


Anglesea Granite . . . 


2.704 


29637 


3692 


2 


Blackburn ditto .... 


2.441 


19400 


2425 


2 


Manley ditto .... 


2.454 


10900 


1362 


2 


Talacre ditto .... 


2.419 


18950 


2368 


2 


Anglesea ditto(4 specimens) 


2.708 


23632 


2954 




Tamur ditto .... 


2.650 


23425 


2928 




Ditto ditto (fine grained) 


3.050 


24125 


3015 




Cornish Heytor (split) . • 




30912 


3864 




Ditto ditto (crushed) . 




46144 


5768 


H 


Dartmoor, (10 specimens) 
supported without fracture 


2.626 


18480 




2 


Dartmoor, (5 specimens) . 


2.626 


37408 


4676 



The force required to crush a cubic inch of Cast Iron is 70 tons. 
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EXPERIMENTS BY GEORGE RENNIE, Esq.— Continued. 

No. 9. 

An account of Ea^periments made on the powers of Stones to resist pres- 
sure, previously to the construction of New London Bridge, 



1 


imensions 
of cube. 


Name of Granite. 


Crushing 
Weight. 


Crushing 
Weight in 
lbs. 


^ ^ 


in. 










• 


tns. cwt. qrs. lbs. 




1 


H 


Craig Leith Freestone (white) 


4 2 3 19 


9287 


2 


** 


Dundee do. (dull grey) 


5 3 24 


11560 


3 


»* 


Heytor Granite 


6 9 24 


14448 


4 


i> 


Aberdeen, fine grained (yellow 










and grey) 


5 3 24 


11560 


5 


»* 


Do. do. 


6 15 2 12 


15188 


6 


ft 


Do. do. (time 4 hours) 


5 13 2 1 


12657 


7 


>i 


Do. do. inclining to blue 


6 3 3 10 


13870 


8 


n 


Peterhead (coarse red) .... 


6 4 2 23 


13967 


9 


t* 


Do. Granite . , . . . 


7 7 3 12 


16560 


10 


it 


Do. fine grained, (reddish) 


6 8 24 


14360 


11 


t« 


Do. blue kind .... 


7 8 2 12i 


16644i 


12 


«> 


Jersey do. duration of 


M 


m 






Experiment 50 hours (blue) 


6 11 3 22 


14778 


13 


tt 


Guernsey, (2 specimens) Granite 


10 7 3 12 


23280 


14 


tt 


Cornish, large grained (light grey) 


6 12 3 7 


14857 


15 


It 


Heytor Granite (another specimen) 


11 2 3 7 


24864 


16 


i> 


Sienite 


6 13 24 


14920 


17 


*i 


Do. (2 specimens) . . . 


13 7 24 


29904 


18 


»» 


Aberdeen Granite (red) . . . 


7 3 3 24 


16100 


19 


tt 


Do. do 


8 12 2 24 


19320 


20 


tt 


Do. do. full grained (red) 


7 3 3 24 


16100 


21 


tt 


Do. do . 


8 17 3 12 


19920 



Average duration of Experiments 10 hours. 

A cubic foot of Granite, allowing for every variation, is capable of 
sustaining a pressure of from 600 to 700 tons, a stress far beyond 
anything that can ensue in the boldest arch. 

The arches of New London Bridge onl give a pressure from 80 to 
90 tons per cubic foo 
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EXPERIMENTS BY GEORGE RENNIE, E^a.— Continued, 



Weights and Dimensions of Arches of London Bridge. 





Superficial 
Area. 


Solidity. 


Tons 
Weight. 


Land Arches 

Second Arches 

Middle Arch 


625 

785 
930 


30.000 
37.680 
44.640 


2097.98 
2634.99 
3121.68 



Angles at which the dressed Voussoirs commenced sliding 

without mortar 33.30° 

Do. with mortar fresh laid 25.30*» 



Angles at which various substances stand when dry — 



Fine flour . . , 


. 44^ 


Sand 


. 32° to 33 


Wheat, Barley . 


. 26.44° 


Coarse Gravel 


. 35° 


Peas .... 


. 24° 


Fine do. 


. 33° 



These experiments on the angles repose of voussoirs made by our 
distinguished bridge builder, are particularly valuable, and still more 
from the important work in which they were noted. Rondelet, Art de 
Batir, Vol. IV. p. 273, says, " /i^has been found from experiments, that 
bard stones laid dry commenced slipping at an angle of 30 degrees, and 
with mortar fresh laid at angles of 34 and 36 degrees ; and with soft 
stones on mortar fresh laid 45 degrees, when the centre of gravity does 
not fall without the base." From 34 to 36 degrees is repeated by 
Tredgold in Professor Barlow's edition. 
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EXPERIMENTS BY GEORGE RENNIE, EsQ.^Continued. 



No. 10. 



ANGLES of EQUILIBRIUM at which various substances stand as 

taken with a Clinometer, 



Lime dust as it falls from a spout 


Degrees. 
45 


Wheat Flour 


do. 


44 


Malt do. 


do. 


40 


Saw Dust 


do. 


44 


Dry Sand 


do. 


40 


Do. less dry- 


do. 


39.16 


Wheat Com, unground 


do. 


37 


Malt do. do. 


do. 


87 


Common Mould 


do. 


37 


Peas 


do. 


35 


Wet Thames Gravel . 


. . 


35 to 36 


Dry Quick Sand from River Thames 


35 


Wet do. do. 


40 


Coarse Gravel Heaps 


• • . 


35 to 38 


Common Gravel 


. • 


35 to 36 


Large Flints . 


. . • 


40 to 45 


Do. half the size . 


. . 


35 


Do. approaching to sand 


34 to 35 
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CHAPTER VI 



^<^^>^N^» W 



EAST ANGLIAN RAILWAYS.— ELY LINE. 
Specification of Bridge over the River Ouse at Hilgay. 

J. S. VALENTINE, Esa., C.E. 

The foundations for the piers shall be excavated to the depths 
and widths shown upon the drawings^ or as much lower as 
the engineer may consider necessary from the nature of the 
ground. 

Previous to commencing the foundations^ the bottom of the 
trenches shall be made perfectly dry and level, for the reception 
of the planking. 

The space around the foundations, to the height of the pre- 
sent surface of the bed of the river, shall be filled in with sound 
gault, as the work proceeds, and well rammed in layers not ex- 
ceeding 6 inches in thickness. 

Stone, 

The whole of the stone to be used in the piers shall be 
from Bramley Fall Quarries, and of the size shown upon the 
drawings, and each stone shall be laid upon its natural bed. 

The size and bond of the stone in each course are shown 
with blue and brown lines in drawing No. 6 rf, and this method 
of laying the work must be strictly adhered to. 

The face of the stone-work from the surface of the planking 
to within 4 inches of the ground line, shall be rough quarry 
scappled with the beds and vertical joints truly worked. Each 

H 
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of the footings shall be in one thickness of stone^ and each 
course shall not have less than three bonding stones. 

The courses marked in the drawings Nos. 6 a, 6 by shall be 
finished with their own natural face^ and each stone shall have a 
tooled margin^ worked round the edge 1| inches wide. 



thus, 



s 



aBs^<§ei^ 
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The curved part of each of the courses shall be roughly picked 
and finished with its own natural face, and each stone shall 
have a tooled margin as before described. The courses, marked 
A and C on the aforesaid drawings, shall be neatly tooled, care 
being taken that the stroke shall be in the direction of the wea- 
ther current, and not less than seven strokes in an inch. The 
centre string and the upper facia shall be weather throated. 
The springing course shall be doweled together with slate plugs, 
7" X 3" X 3", as shown upon the drawing. Two copper cramps 
in each joint of the last named course shall also be insei*ted and 
securely let in with lead. 

The cast iron shoes for the reception of the ends of the bows, 
shall have their flanges let flush into the cap stones of the piers. 
They shall be bedded on lead, and bolted down in the manner 
shown on the drawing, and when fixed, the joints round the 
edges shall be well caulked with lead. 

All the beds and joints of the piers below the ground line 
shall be made close, and well flushed in with strong lime grout. 
The joints above the ground line shall also be worked close, and 
shall be laid and neatly pointed with fine beaten mortar. All 
bolts and iron work shall be properly fixed in the manner shown 
upon the drawings. The lime to be used shall be fresh burnt 
and of the best quality of water lime from Stoke or Isleham, or 
such other place as shall be approved by the engineer. 

The piers shall, at the completion of the bridge, be nisatly 
and truly cleaned down, and finished entirely to the satisfaction 
of the engineer. 
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Carpentry. 

All the timber to be used for these works shall be the very 
best Memel or Dantzic fir, free from sap and shakes, large and 
loose knots, or any other defects, and shall hold when finished, 
the several scantlings figured on the drawings, and be framed 
together in the manner thereon denoted, and the whole of the 
works shall be executed in accordance with the Specification 
for timber bridges generally, hereinafter written. 

The arched ribs shall be made to the proper radius. The 
two outside ribs shall be three feet eight inches, by two feet two 
inches, and the centre rib three feet eight inches, by two feet 
nine inches, they shall be formed with Dantzic deals, dressed 
on the sides and edges, and in the longest lengths which can be 
procured. These deals shall be of the very best quality, perfectly 
sound and well seasoned, and they shall be submitted to the en- 
gineer, and approved by him, before they are used in the work. 

Each deal shall be bent over the one below it, in such a 
manner as to break joint alternately both ways, and no two end 
joints shall come over each other, or within three feet of the 
joint below it. The first course shall be three deals in width, 
and the next two whole deals and two half deals, and so on till 
the rib is formed. Each course of deals shall be covered with 
a coating of marine glue which shall be applied hot, and in such 
manner as the engineer shall direct. 

The whole of the deals shall be fastened together with the 
best compressed oak-trenails one inch in diameter, made by 
Messrs. Ransome and May, of Ipswich, which shall be placed 
four feet apart : — 



thus. 



»■ ■ « I — ■ ■ -^ ■ ■"* ■ ^■-■- ^ ^ II ^ — I ^ 

o o 

o o o 
o o . 

o o o 



each trenail shall be of sufficient length to pass through three 
deals, and each course shall be trenailed to the two under courses. 

H 2 
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The greatest care must be taken in fitting the ends of the 
deals to the abutment plates, that they fit perfectly close, and 
true on their ends, and the ends of all the planks shall abut 
perfectly square, and true^upon each other throughout the bow. 

The longitudinal beams shall be of the lengths shown 
upon the drawings, No. 6 c, and scarfed together in the manner 
shown on drawing No. 6/1 The surface of the beams which are 
bolted together, shall be wrought perfectly true, and a coating 
of marine glue shall be laid between them in the manner de- 
scribed for the bows. The whole of the diagonal braces shall be 
accurately cut to the exact length, and carefully fitted into the 
iron shoes. 

The joists for the roadway shall be 12 inches by 9 inches, 
and they shall be each of them in one length, and extend across 
the whole of the longitudinal beams, upon which they shall be 
notched, and bolted down in the manner shown upon the draw- 
ing, and the ends shall be neatly finished to such form as shall 
be directed. The bearers for the rails shall be 12 inches by 6 
inches, bolted to the joists in the manner shown upon the draw- 
ing, the space between the bearers shall be laid with Dantzic 
deals 1 1 inches by 3 inches, spiked to the transverse beams with 
spikes 7 inches long, and J inch in diameter, there shall be two 
spikes at each joist, and four^at the heading joists, and no two 
heading joists shall come together on the same joist. 

The towing path shall be carried under the centre opening 
of the bridge, on cast iron brackets in the manner shown upon 
the drawings. 

The viaduct at each end shall be built in the manner shown 
upon the drawings, and of such dimensions as are there given. 
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Iron Work. 

The whole of the iron to be used in this viaduct shall be of 
the very best quality. 

Previous to the order for the iron work being given, the 
engineer shall certify his approval of the foundiy for the cast- 
ings^ and also the manufacturer of the whole of the wrought 
iron work. The castings shall be made perfectly true, and of 
the exact size and dimensions shown on the drawings. The 
suspension rods for the platform, together with the whole of the 
bolts, straps, spikes, &c., shall be of the very best quality of 
scrap iron, and of the dimensions shown upon the drawings, 
and each suspension rod shall be tested to a weight of 20 tons. 
The thread of the screws of all the bolts shall be engine cut, and 
of the very best description of workmanship, which shall have 
been submitted to and approved by the engineer, and all bolts 
which have screws not cut perfectly clean and true, will be at 
once rejected. 

The greatest possible care shall be taken that the heads of 
all the bolts shall be perfectly sound and true, and of the full 
dimensions shown on the drawings. All the iron to be used in 
this bridge shall be heated to about a blue heat, and the surface 
then struck over jvith raw and linseed oil to prevent rust. 

The contractor must take upon himself the entire responsi- 
bility of the whole of the works during their erection, and must 
at his own expense erect good and substantial coffer dams, for 
the purpose of getting in the foundations of the piers which 
shall effectually keep out the water from the foundations, during 
the time of their erection, and after the completion of the work, 
the piles used in forming the coffer dams, shall not be drawn, 
but shall be cut off at the level of the bed of the river, if not 
otherwise directed by the engineer. All piles which may be 
used for the purpose of scaffolding or other temporary works 
shall be drawn upon the completion of the works. 

The bed of the river shall be excavated to the depth shown 
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upon the drawings^ and to such extent^ and in such manner as 
is stated in the Act of Parliament for this Railway. 

And the barrier banks on each side of the river shall also 
be strengthened in accordance with the Act of Parliament. 
During the execution of the work the contractor shall not in 
any way obstruct or impede the navigation of the river or the 
towing paths thereof, but shall in all respects comply with the 
several clauses in the Lynn and Ely Railway Act, for the pre- 
servation of the Drainage and Navigation of the Bedford Level, 
and all other clauses relating to this river. And he shall also 
be responsible to the engineer who may be appointed by the 
corporation of the Bedford Level to superintend the Works, for 
the due and proper performance of such works, and for com- 
plying with the several clauses above referred to. 
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CHAPTER VIL 



TABLE 

OF SPECIFIC GRAVITIES, WEIGHT PER CUBIC FOOT, AND CUBIC 

FEET PER TON, OF MATERIALS, 

With Cohesive Strength, and Constants of Elasticity and Transverse 
Strength. The authorities are G, Rennie, Esq, ; T, Tredgold; 
Professor Barlow ; J, Bramah ; Rondelet, and the Report of the 
Commissioners appointed for examining the different quarries in 
England, SfC, SfC, 
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a stone of a greenish and greenish brown lint, pretty bard, 
moderately heavy, hut by uo means equal to the former 

than in the former divii-ions it also generally containa 
much more mica;— IV. Division; this latter division con- 


e of red, purple, yeltowiali red, and bright 

erstood that these remarks are general and 
In the first two divisions the stones may be 

cticable size, of 4 and 5 feet depths in the 
sions, the beds are generally much Ihiimer 
yields the Yorkaliire flags, and atones which 
advantageously uaed in the construction of 
bercarne4W. per foot cube at quarry Is bd. 
arbadoes. lOrf. at quarry Bolton Quarry 
t quarry: in London. Is. 9rf. and 2s. W. 
. . Blocks ap to 18 tone; much used in 

. . Brownish ; beda 3i ft. thick ; price at 
quarry Ad. to 6*.; la. M. and U. 44. 
m London : much nied in Kent. 
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CHAPTER VII. 
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OF SETS AND DEFLECTIONS ON CAST IRON GIRDERS. 
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20 tons in centre. 
0.68 
0.63 


30 tons in centre. 
1.43 
1.75 


20 tons in centre. 
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CHAPTER IX. 



Retaining Walls. 

53. Amongst all our authors, French or English, we have 
found Rondelet the most practical and generally intelligible on 
this matter, and we shall consequently follow him on the subject, 
certainly of great importance in engineering works, and we shall 
conclude by some few practical remarks and rules, which will 
be found useful. Our author was first desirous of ascertaining 
the angle of repose of various earths, and made the following 
experiments for the purpose, by means of a box. Fig. 47, 16J" 




X 12" xl7J"> internal measurements; and he found that the 
angle of repose of very fine sand was 34° SO",* as in triangle 



♦ The wtperiments of George Rennie, Esq., give 32° sod 33". 
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E A D, A E being 1 1 J" ; the triangle E D F would therefore re- 
present the sand whose effort tends to overturn a stone flag by 
which the front of the box was closed up in front as at D F. 
To ascertain the value of this effort, and the thickness which 
the flag lould have to resist it, we must obtain the value of the 
triangle E D F in dimensions and weight ; area of triangle = 
93 i, and as the specific gravity of the sand isv only yf of that of 
the stone, it will be reduced to 73^ x ir = 81. Supposing 
this mass to slide on the inclined plane E D, the effort will be 
to the weight as A E : E D : : ^ : 20, from which we obtain 81 x 

-^ = 45.9; this effort must be considered as an oblique power 

q r, passing through the centre of gravity of the mass, and act- 
ing at the extremity of a lever i kj and the length of this lever 
depends on the thickness of the flag which is not yet ascertained ; 
but in the similar triangles q sVy qhOy kioy qs : sr :: qh : hoy 
and Ko = hk — ^o, we shall have qr : qs ii hk — ho: 

— ^—^JL3J The three sides of the q sr are knov^n from the 

qr • ■* 

position of the centre of gravity g, each side of lesser triangle 
q STy being equal to the third of the corresponding side of the 
greater triangle E F D, 5 r being equal to a third of F D, g * = 
one third of E F, and qr = one third of E D ; and calling 

qr= a, 

qs = by 

r s = c, 

s h unknown = Xy 

hk=f, 

the thrust 45 g = 7?, 
the height of D F = c?, 



we shall have b \ c \b ^ x \ ^ /^ = A 0, and hk — A 0, will 
be/ — ^LiLlf ; and we shall find i A: by the proportion aibiif 



b c + ex 
u : c I u -j- X : • 

be — c X 
6 

_ bc^ex . bf^bc-cx ^ ^ , ^Ync\\ wiU give the result of the 

b a 

thrust /?, multiplied by the length of lever ^ — ^ = 

pbf-pbc^v^x^ = i£±= the resistance of the flag. From 
this equation we obtain ^vh f--2vbc ^ ^^ ^. \v±^ . and to 

K 2 
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facilitate the solution, making ^P^f-^P^^ = 2 my and -^^ = 

2 Tiy we shall have ^j? + 2na? = 2m; adding: to each member 
the square of n, to make the first term a perfect square, from 
which we can extract the root, we shall have xx + 2 nx '\- nn 

= 2 m -f nn, and x ■{- n -^ */ 2 m + nni and at last x = 

V 2m -\- nn — w, which is the general formula to resolve all 
such problems. Referring back to the values of the known 
quantities expressed by letters, we shall have, 

a = 6§ 

f=n 

m = pb X -^^ will become m = 45.9 x 5i x ^|-=-^, 

■^ ad ^ 6|+11^» 

from whence we obtain 

m = 12.70, 
2 m = 25.4, 

and n=^ will become ^^-^ ^ ^-"^^ = 2.28 and wn = 5.20, 

ad 75.55 

This result agrees as nearly as can be expected with the experi- 
ment, since it was found that 3 J were the required dimensions 
for the flag, to resist the thrust of the sand, which overturned a 
flag of 3 inches thickness. Another application of this theory is 
the following, in which from experiment on common earth well 
dried and pulverised, the angle of repose was 46°, 5(y ; the su- 
perficies of the thrusting earth is 144^ inches, but as the weight 
of an equal volume of this earth is only equal to f of that of the 
resisting flag, it is reduced to 108 inches; the thrust of this 
mass acting on the inclined plane q r, is to its weight as A B is 
to B D, or as I7i to 24, by which it is reduced to 78|. As in 
the former case the thrust will proceed from a triangle B D F, 
Fig. 48, similar to the lesser triangle qrs, having one of its an- 
gles at the centre of gravity of B D F ; in these the sides are also 
proportional, and the sides of the lesser triangle wdll be equal to 
one third of the corresponding sides of the greater triangle. By 
calculations similar to those in the former case, we shall have 
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gr = a = 8, 
ya = A = 5^, 
sr = c = 51, 
»D=/= 101, 
the thrust =p = 78|, 
the height of the flag = rf = l7J ; 




from whence, m in the formula p b x f , will be m ^ 7^-55 
X 5.5 X ^'^g\~ijj^^ , or f» = 18.04 and 2 m = 36.08; and 
n = ^4 -win become n = ""^-^^^ \j r^' or n = 3.2, and n« = 
10.24j substituting these values in the formula a? = i/2m + nn 
— ■ w, we have a? = v' ac.OS + 10.24 — 3-2, or a? = 6.8 — 3.2, 
or ar =7 3t^ inches for the thickness of the stone flag ; by the 
experiment the thickness required was onljr 3 inches, and this 
must be attributed to cohesion. A further application is on 
earth at an angle of repose 45°, Fig. 48; gs^sr=b^c^j-' 
and y = 1_, which instead of m = /> i x ^^-^, gives m ^ ^ 

" '^= "",:/" • " r.- ""' '""""' °'' » = H- "« '"™ 

^^, or — . The superficies of the isosceles right-angled tri- 
angle B D F, from whence the thrust proceeds will be 16i x Sj 
= 136, of which the 3 are equal to 102, and this weight will be 
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to the thrust as 10 to 7^ from whence we obtain J I A for the 
value ofp ; a will be equal to 7i. 



Fig. 49. 




K P 



From these values we have, 



m = 



71.4 X 16.5 



1178.1 






= 16.83; 

7^ X 9 70 ' 

= 3.06, and n n = 9.36 ; 



these values being substituted in the formula 3P= ^^2 m -f n n — n, 
give X = ^36.66 + 9.36 — 3.06 = 6.57 — 3.06, or ^ = 3 ^ in. 
Adopting generally 45® for the angle of repose of earths, we 
may obtain a formula, which will only require, as a known quan- 
tity, the height of the earth to be supported ; thus referring 
back to" the equation ^2?= \^2 m + n n — n, in which It has 
has been shown that m = ^ and n = :^: in order to reduce 

these expressions to others, containing only the height expressed 
by d, it will be observed, that the superficies of the earth, B F D, 

from whence proceeds the thrust, will be d x -^ = -^l and tak- 
ing the | of this as the corresponding ratio to the specific gravity 

1 = 3^. The thrust of this 



dd 



of masonry, wx shall have _ ^ _ ^ . 

triangle on the inclined plane of 45°, will be to its weight, 
as the height A B is to the length B D ; as the side of the 
square is to the diagonal as 70 to 99 nearly, we shall have 

for the thrust -^ x -2? = j^, and ;? d = ^4^ x ^r?. This 



8 



99 



^ddd 70 
8 ^ 29* 



'...caIuI 
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quantity being divided by 9 a, it will be observed that a is 
equal to J of the diagonal B D. Therefore we shall have, 



and, 



M'hich gives, 



99 X (/ 

70 :99 :: d : -^j^— = 3 a. 



3rf X 99 

9«= ~W~y 



or 



3ddd X 70 X 70 3ddd x 4900 

^* = 8 X 3 d X 99 X 99 "^ 24 d x 9880 ' 



dd dd dd 

Y X i = 7g = m, and 2 m = -g ; 

P .,, , 3dd X 10 X 70 

^=Ta ^^ill become -Jd x 99 x 99 > 



or 



3d 3d 

8^2= Te^^ 



which gives 



/ dd 3d 3d 3d 



8 ' 16 '^ 16 16' 

applying this formula to the preceding example, we shall have, 

/ 16^ X 16F TH X 3 1 6^ X 3 16^ ^ 3 

^ — V 8 + 16 ^ ~[e if> ' 

or, 

X =3.51 
as before. 

54. If it were required to find the dimensions of a battering 
wall, instead of those of a plumb wall, and the resisting strength of 
w^hich should be equal to that of the plumb wall, we should have 
to consider the sectional area of the battering wall, as consisting 
of a rectangle D F H I, and of a triangle of H I K ; as any ratio 
of slope may be assumed for the batter, the length of I K will 
be a known quantity, and we shall only have to find D I for the 
rectangle ; make. Fig. 50. 

the height of the wall = dy 

base of slope = a, 

base of rectangle = a?, 

as the direction of the centre of gravity G, of the rectangle falls 
at L, in the centre of D I, the length of its lever with regard to 

the fulcrum K will be a + ^, and the centre of gravity ^, of the 
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triangle falling M, and at ^ of I K from K^ ve shall have for 
the resistance of the wall^ 

, jr da 2 a 

equal to the resistance of the plumb wall^ which we will term R, 
and we get the equation, 



adx + 



dxx 



2a^d 



= R; 



dividing by d and multiplying by 2, we obtain. 



2R 

X x -{- 2 ax = -J 



and adding to each term the square of a, we get, 

/~2R 

•^ + « = V T = 



2a« 



Fig. 50. 



7tl 



+ aa. 



r H 




DJjIM. k 



Designating by e, the thickness found by the preceding formula 
for a plumb wall, its resistance will be, 



and 



and. 



_ e ee d _ 

ed X T^ 2 K., 



2 R r= eed; 

2R 



d 



ee 



which introduced into the preceding formula instead of— will 



give, 



.)' -f a = /\/ e e — -^- a «, 



. V"-¥'+ 



The thickness e having been found to be 3.51, the square of it 
will give 12.3201 ; and assuming for the base of the batter i of 
the height = '-^ = 2.75, of which the square = 7.5625 ; and 
by a substitution of values, we obtain 

7.5625 ) 



: 1-2.32 — - 



■ + 7.5625 — 2.75, 



Hence we see, that by giving a batter equal to J of the height, 
and I'.l for the thickness of the wall at top, the superficies will 
be 40'|, and the resistance offered will be equal to that of a 
rectangular plumb wall, of a uniform thickness of 3' ■^, 

55. To find the thickness of the rectangular part D H, of a 
battering wall, with a sectional area equal to that mentioned above, 
of 16^ feet high, and 3it'o feet thick, and equal to a sectional 
area of 57^7 f^et, we must, having assumed the batter, deduct 
the area of the triangle from the given area, and divide the re- 
mainder by the height. Thus, for a wall 16J feet, Fig. 51, and 
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? 


\ 




\ ^^ 




1 ! \ 




\ 








! 




\ 


\ 




■■ 


•i 
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J of this height for batter ; the sectional area of the triangle is 
22fJ feet, and this deducted from 57T§i) leaves 35^, which 
divided by IGj, gives 2 /-^ feet for the thickness of the wall at 
top, instead of 1.1 foot in Fig. 50; the increase of strength 
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obtained by this increase of thickness will be measured by 
the sectional area of the rectangle F H D I x the length of 

O T If 

lever K L + the sectional area of the triangle H I K x — g— 
And the strength of the plumb wall of equal area will be equal 
to the sectional area of the rectangle F D H K x _— . 

56. Counterforts add considerably to the strength of a wall, 
but the foregoing remarks with regard to the batter or slope of 
walls, will show how much greater the additional strength would 
be, if instead of counterforts constructed at the back of a retain- 
ing wall, we were to use buttresses applied exteriorly; we may 
proceed in the following manner to ascertain the strength of 
counterforts and of buttresses. In Fig. 52, let B D F, be the 
section of a retaining wall I6i feet high, 2^ feet thick, to which 
it is required to add counterforts, also 2^ feet high, and of a 
height equal to that of the wall, in order to supply by the addi- 
tion to defect of thickness, which should be Sytfe feet, ac- 

Fio. 52. 




Fig. 52a. 



cording to the preceding calculations ; and let the distance be- 
tween the counterforts be equal to half the height of the wall, 
or 8^ feet. To ascertain the strength of such a wall with the 
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counterforts, we must calculate on a portion between the centres 
of these, or, which is the same thing on an intermediate part^ 
and on a counterfort wdth the part of the wall attached to it, as 
in E S G H, and A D B S E C, Fig. 52, 52a ; and let 

the height = rf, 

the length of wall between counterforts = -, 

thickness of wall = e, 

thickness of counterforts •= e, 

and the lengtli of counterforts = a?, 



the length of lever, I K = ^ 



ditto, L K = 



2 

a; + € 



2 ' 

the cube of the wall between the counterforts will be, 
and the length of leverage being ^, the resistance will be 

2^2"" 4 > 

the cube of the counterfort with the adjoining portion of the 
wall will be, 

e + jff X d X e, 
or 

de' -h'dex ; 
the length of leverage being ^-^^, its resistance will be express- 
ed by, 

df" + 2(/g^.r + dex X 
2 

and designating by R, thrust which the wall and the counter- 
fort have to sustain, we have the equation, 

d^ex . d^g^ de* + 2de^x + dexx __ p 

or 

dex^ + 2rfg g.r _ p rfg» rf«ga 

2 - - «• ^ 4- ' 

or multiplying by 2, and dividing by d e, 

.r ,r + 2 c 0? = j^ e" ^, or adding to each mem- 
ber the square of e, in order to extract the root of the first, 

2R de 

.v ^ 2 e X -\- 0. e =z j^ — -V, 
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or. 



9 



or, 



/2 R de 



/2K dtf 

Since this wall with the counterforts has to sustain a thrust 
equal to that resisted by the plumb wall, of which we have as- 
certained the required thickness to be Si^o, we may take the re- 
sistance of that wall as the value of R ; to find it we must cal- 
culate on the length of wall between the counterforts, which is 
8J feet, plus 2| feet for the thickness of the counterforts, or 
10.75 feet, and cubing, we have, 

10.75 X 16.5 X 3.51 = 622.58625, 
and for the strength, 

622.58625 x 1.755 = 1092.64 = R; 
substituting this and the other known values in the last equa- 
tion, we find 

__ / 2185.28 41.25 ^ c 

^ ~ V 41.25 2 ^-^^ 

or 

a? = 3.188, 
for the length of the counterforts. 

57. If we substitute buttresses on the face of the wall, for 
counterforts at the back. Fig. 53, and 53a, the leverage, I K, of 
the part of the wall between the buttresses, will be equal to a?, 
plus half the thickness of the wall, or 

e 
30 -\- 2 9 

the cube of which, being expressed as in the preceding example 

by, 

de 

2 9 

the resistance will be, 

d^ex d^ e^. 
2 "^ 4 • 

The cube of the buttress and portion of attached wall will be 
as before 

de^ + deWy 
and its resistance, 

de^ + 2de^x + dexx 
_ 



ja 
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Fig. 53. 




D X 




Fig. 53a. 



These two resistances give the equation, 



d^ex d^ e^ , de^ + 2de^x + dexx 



or 



2 4 

dexx + d^ex + 2de*.r 



= ^^ 2 4~5 



multiplying by 2 and dividing by rf e, we have 

2R ^ de 

XX + ax + 2ex= jj — e' — — , 

and making the quantity d + 2 e by which x is multiplied = 
2 n, we obtain 

2R de 

xx + 2nx= ^_e2_— ; 

adding to each number n n, in order to extract the root from 
the first, we get 

2R „ de 

XX '\- 2nx -{- nn = j^ — e — "2" + w«; 
and extracting the root, 

« . / 2 R I dTe '. 

^ + ^= V Te — ^ —T + '^^^ 
or, 

/2R 2 de , 
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and substituting the values in this equation, we obtain 



- = V.6""5-2-5 X 2.5 -i-^- + 10.75 X 10.75- 

10.75, 

or, 

X = 1.53, 

for the length of the buttresses, instead of 3.188 for the length 
of the counterforts. 

58. Desirous to ascertain by experiment, and inde- 
pendently of theory, and precedents in similar constructions, 
the most suitable forms for retaining walls, Rondelet made a 
great number of experiments, the result of which he considers 
to be, that if from the centre of gravity g, of a triangular mass of 
earth, q P, Fig. 54, be drawn parallel to the line of the slope B D 

Fig 54. 




and P F joined, the triangle F D P will be the strongest form for 
a retaining wall. He adds that a revetement in wood similar in 
sectional area to this triangle, was sufficient to resist the thrust 
of the sliding sand, although the specific gravity of the wood was 
hardly half that of the sand. This datum affords us a very simple 
means to obtain the requisite thickness of a wall of this kind, 
and we may easily make use of it for the curvilinear batter 
which has been so much in use, merely making the top of the 
wall of a certain thickness, say 1 foot 6 inches, as in Fig. 54, 
the centre of the curve being on B F produced. 
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59. We must not overlook in this place that in all the pre- 
ceding cases, the triangular sectional area of earth is very great, 
natural cohesion being entirely neglected, and the substances 
experimented on being reduced to powder, when they would 
assume a far greater slope than usual, in cutting, and where the 
surface would not be exposed to the injurious atmospherical 
effects of rain and frost ; therefore the rules laid down would be 
in excess,, though not so much so as in supporting made earth, 
as in an embankment; also in all the above figures the por- 
tion EDKM, BDKM, BDPM, &c., do not require support, 
as each finds its rest at the foot of the wall. 

60. To find by geometrical operation the thickness of a plumb 
retaining wall. Fig. 55 ; set out A D B, the angle of repose for 



Fig. 55. 





the earth, and make D F equal to the height of the wall ; com- 
plete the square B A D F, and with ^ of the diagonal B D, as 
a radius describe from centre D, the ore ek; K D will be the 
thickness of the wall. 

61. To find by similar means the thickness of a wall battering 
^ of the height, or 2 inches to 1 foot ; perform the same opera- 
tion, and for the thickness of the wall at top F H, take ^ of the 
diagonal B D ; for a batter of J or 1 ^ inches to 1 foot, take J of 
the diagonal. Instead, however, of ^ of the diagonal for the 
thickness at the top, we recommend ts> and for the 8th of the 
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diagonal take ^, and for a battering wall of 1 inch to a foot, 
take ^ of the diagonal for the thickness at top. These rules 
are empyrical, but they agree with practice, and are based on 
secure data; it must not be forgotten in calculating the thick- 
nesses of retaining walls, to take into consideration the differ- 
ence between the weight of brick, stone, granite, &c. ; we may 
also consider a buttress 1 foot long in the face of the wall, as af- 
fording as much strength as a counterfort 3 feet long at the back, 
and without losing strength where practically required, we may 
batter the buttress up to nothing, or nearly so, at top ; for dry 
rubble walls we must take § of the height, and never less than i ; 
these walls are seldom of any height, but they effect a very 
perfect drainage, and by giving a considerable batter, say 3 
inches to the foot, and employing stone of large scantling, at 
least as regards length and width, considerable strength may be 
attained ; to resist the thrust of water, one half the height of 
the water will not be in excess for the mean thickness of the 
wall. 

62. It must, however, be carefully noted, that however care- 
fully the engineer may calculate the necessary strength of retaining 
walls, with due regard to economy, this care will be entirely lost 
unless close inspection be kept over the masons. The first es- 
sential will be the soundness of the foundation, and this more 
particularly if possible, for buttresses and counterforts; the 
mortar should be of the best, and sufficient, especially in rubble 
backing; every two or three courses, according to thickness, 
should be well grouted ; secure as many bondstones as possible, 
bond the buttresses and the counterforts carefully into the 
wall ; lay drains, and punn well as the wall rises ; where the 
ground slopes towards the wall, it should be well benched, to 
secure as much as possible the vertical bearing of the backing 
earth ; and the reader may depend on his obtaining these es- 
sentials only in proportion to his inspectors' as well as his own 
watchfulness and close inspection ; and the greater the work, 
the more likely he is to be deceived by pretensions and pro- 
mises. 
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CHAPTER X. 



Stone and Brick Bridges and Viaducts. 

63. Although stone and brick bridges and viaducts form some 
of the most important features in the construction of railways, 
a theory on the equiUbrium of arches and resistance of piers 
would be here out of place ; and the student is referred for in- 
formation on this subject to more important works written by 
more able pens, as Gauthey, Button, Ware, Hann, Moseley, 
and Rondelet. The practical dissertation of the last has been 
given in English by Mr. Gwilt, in his Encyclopaedia of Architec- 
ture ; all that will be given in these pages consists of a few tables 
of data, and some memoranda to refresh or assist the memory of 
the practical man. 



TELFORD'S TABLE 
0/ Proportions for Highland Bridges. 



Span. 


Versed 
Sine. 


Depth of 
Arch stone. 


Height of 
Abutments 
to spring- 
ing. 


Average 

thickness 

of 

Abutment. 


Thickness 

of 
Spandrils. 


Thickness 

of inverted 

arcbeswhen 

necessary. 


4 


1,6 


1 


2.6 


1,6 


1,6 


0,9 


6 


2.0 


1 


2.6 


2.0 


1,6 


10 


8 


3.0 


1,2 


2,6 


2,0 


2,0 


1.0 


10 


3,6 


1,3 


3,0 


2,6 


2.0 


1.0 


12 


4.0 


1,4 


3.0 


3,0 


2,6 


1.0 


18 


6,0 


1,6 


3,0 


4,6 


2,9 


1.4 


24 


8.0 


1,9 


4,0 


5,0 


2,9 


1.4 


30 


12.0 


2.0 


4,0 


5,6 


3,0 


1.6 


50 


15,0 


2,6 


6,0 


6,0 


3,6 


1.6 
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Of Dimauitm$/or Arehei, and Pien/or Segmental Arthea. 
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1.2 


10 
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3.0 
3.4i 
3.9 
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2.3 
■2.7i 


3.0 






a 


3.U 






iz 




IS 


l.G 


10 
15 


3.41 
3.4i 


Do. do. 


2.7! 
2.7,1 




4.6 






20 
5 


3,9 




3,n 


fis 






3.0 


— tu = ^ 




^ 








10 


3.4J 


^'tz,'- 


2,7! 










15 


3.9 


istili 


3.7! 


Is 




20 


I.C 


SO 
25 
30 


3..') 
4.U 




2.7! 
3.0 
3.0 


SI 


6.0 






33 

■JO 


4!/ 
4,f> 


uiit 


3.4! 
3.4! 








5 


3.9 














10 


3,9 


II 


3,0 


% . 








15 


4.1J 


Is 


3.4! 


S-'s 




lii 


1,6 


■20 
25 


4,6 
4.6 


fe 


3.9 
3,9 


s* 


7.3 






30 


4.6 


a""£ 


3,9 


nS 








35 


4.10i 


:.s| 


4,1! 








- - 


40 


4.10 J 


«-»s 


4.1! 
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5 
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10 

13 
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4.1! 


.3 . 
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30 


5.3 


--3-St 


4,6 


;f 








35 


5,0 
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4,10! 










40 


6.C 
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10 
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5.3 


^" 








15 
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5.3 
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5.3 
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25 
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Z- 
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TABLE 
Of DimensioJis for Arckes, and Piers for Segmental Arches. 
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9,4 
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9,4 
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3 
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9,4 
9.9 
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7,104 


Do., do, 


17,3 
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64. It has been ascertained by experiments^ which have been 
found to agree with theory, that in a semicircular arch there are 
four points of rupture. A, B, C, D, Fig. 56; consequently, by 

Fig. 56. 




using a segmental arch of a certain rise, we get free of two 
points of rupture, A and D, and this has occasioned the much 
less frequent use of the semicircular arch of late, except under 
heavy embankments. In the previous tables for segmental 
arches, the angles of rupture. A, D, have been considered as 
at about 30 degrees, though it is a little lower, and the rises or 
versed sines have been given accordingly. 

65. The elliptic form of arch, which is undoubtedly much 
weaker than the segmental, is still used in railway works, though 
not so much as formerly ; it requires, for equal spans with the 
segmental arch, greater depth of arch and thicker piers. This 
form of curve is too often described for arches of 30 ft. and 40 
ft., with only three centres, and the resultant curve is not only 
the weakest of the kind, but scarcely deserves the name of an 
elliptic curve. Up to 20 ft. span three centres may be used, but 
above this span we should not use less than five centres for des- 
cribing the curve. It must not be supposed that the two fol- 
lowing diagrams are oflFered to teach the methods of delineating 
the elliptic curve ; they are only given in this place to assist 
memory on what is easily forgotten. 
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66. To describe an elliptic from three centres, the span and 
rise, or the major and semi-minor axes being given : — In Fig. 
57, let A B be the span, and O C the rise ; complete the paral- 
lelogram C O B D, by making B D parallel to O C, and C D 
parallel to O B ; bisect B D at E, and join E C ; make O F 
equal to O C, and join D F, cutting C E at G ; bisect C G at K, 
and draw K L perpendicular to C G, cutting C O produced at 
L ; from L as a centre, with radius L G, describe the curve 
M G C ; through M B draw MBn; join n L, cutting A B at 
N, and transfer B N to A N' ; N, L, N', will be the three cen- 
tres required for describing the curve. 

67 . Having the span and the rise, to describe a semi-ellip- 
sis with five centres : — In Fig. 58, let A B be the span, and 
O C the rise ; from centre O, with radius O A, or O B, describe 
the serai-circle A D B, and divide it into six equal parts at 1, 
2 D, 3, 4, B, with radius O C ; and also from centre O describe 
the semi-circle E C F, and divide this also into six equal parts, 
as at a, i, C, c, rf E ; through 1, 2, 3, 4, draw parallels to C O, 
and through a, A, c, d, draw parallels to A B ; join the points of 
intersection y*, ^, h, i, which will be points on the elliptic curve ; 
bisect A/, fg, ^ C, C A, A i, i B, as at A, /, w, w, 0, 7? ; through 
m, and w, draw m G, and n G, perpendicular to h C, and ff C, 
intersecting C O produced at G, when G will be a centre ; 
through / and draw /H, H, perpendicular to/*^ and h i, and 
intei^secting m G and n G at H and H' ; and H and H' will be 
two centres also ; through k and 7?, perpendicular to Ay and i B, 
draw kKyp K', intersecting A B at K and K', which will be the 
two last centres required for the curve of the arch. The greater 
the number of divisions in the semi-circles, the more numerous 
the centres, and the nearer will the curve described approach 
the elliptic. Subjoined are tables of dimensions for elliptical 
arches. 



150 



TABLE 
Of Dimettsions of Arches and Piers for Elliptical Arches. 



Span of 

arch in 

feet. 


Depth of 

archstone 

in feetand 

inches. 


Height of 

piers 

in feet. 


Thickness 

of piers in 

feet and 

inches. 


Thickness 
of piers at 
springing, 
with bat- 
ter, in feet 
and inch. 


Rise of 

arch in 

feet and 

inches. 


10 


1.2 


5 
10 
15 


3,0 

3,4^ 

3,9 


2 60* 


3,4 






20 


4.1i 


coSaa 




15 


1.6 


5 

10 
15 


3,4^ 
3,9 

4,li 


i at top, 
tering i 
h per 
t. 


5.0 






20 


4,H 


CO .2 .5 5 








5 


3.9 


60 


- 






10 
15 


4,li 
4,1,^ 






20 


i.ioi 


20 
25 


4,6 
4,6 


ft 


6,8 






30 


4,6 


ts 








35 


4,10J 










40 


4,10i 










5 


4,H 


60 








10 


^ 


« o 








15 




•S .o 




25 


l,10i 


20 
25 


I 4,6 
J 


top, b( 
ch per 


8,4 






30 




ts-s 








35 


1 


X-^ 








40 


) 4.101 










5 


4,6 










10 
15 


4,10i 
4.101 


« J o 6o«8i 




30 


i.ioi 


20 
25 


5,3 
6.0 


4,6 at top, 1 
i inch per J 
20 feet height, 
at top, batterir 
per foot for 40 


10,0 






30 


6,0 








35 
40 


6,0 
6.0 








10 


5.3 


c s s^S« 








15 


6.0 


S -S -M J3 








20 


6,0 


^ 9 « u 
J «2 « .5 o 




35 


2,3 


25 


6,0 




11,8 






30 
35 


6,9 
6,9 


at tO] 
nch p 
feet; 
tering 
t for 
ght. 




— 




40 


7,1 
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Of Dimensions of Arches and Piers for Elliptical Arches, 



Span of 

arch in 

feet. 


Depth of 
archstone 

in feet 
and inch. 


Height of 

piers 

in feet. 


Thickness 

of piers in 

feet and 

inches. 


Thickness 
of piers at 
springing, 
with bat- 
ter, in feet 
and inch. 


Rise of 
arch in 
feet and 
inches. 






10 
15 


6>0 
6.4^ 


tering 
ot for 
4i at 
\ inch 
feet. 








20 


6.9 






40 


2,7i 


25 
30 
35 


6,9 

7,li 

7.li 


at top, 
nch per 
feet: or 
, batteri 
foot for 


13,4 
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7 6 


<=l-og'fe 










' »*' 


«C H|«c^ iJ D. 








10 


6,9 


bO 

c 








15 


7,1 


s§ 
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7.6 


es «^ 

J2 u 
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7.6 




15,0 
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ox 
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7.10i 
8,3 




\ 
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7.6 


to 

c 
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7.10^ 


Si § 
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3.4i 
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8.3 
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30 


8,7i 


O 43 
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9,0 


• 
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e 
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8.7i 
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1*: 
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9.4i j 
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9,9 


^•9 

00 
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68. The following is Ware's method of finding the eztra<» 
dos of an arch of equilibration. Having the span, intrados, and 
depth of arch at the crown, to find the extrados, divide A C, 
Fig. 59, into any number of parts, as at 1, 2, 3, 4, 5, 6, 7 9 8, &c., 
and through these divisions draw, O, a,0 2 b,0 3 c, O 4 d, O 5 e, 
O 6/y O 7 ^5 &c.; also through 1, 2, 3, 4, 5, 6, 7j &c., draw the 
verticals l/i, 2/?, 3/7, 4/1, 5/1, 6p, &c., and make each of these 
verticals equal to C D ; through p^PiPi draw the horizontals p a, 
pby pcy pdy pe^ pfy &c., to cut Ola, O 2 ft, O 3 c, O 4 rf, 
&c. ; and the points of intersection a, 6, c, (/, e^f^ &c., will be 
the points through which the curve of intrados will pass ; this 
first description refers to that side of Fig. 59, where the extrados 
is dotted. 

69. To find the thickness of abutment; produce J9 a, J9 6, 
pCypdypUypt, &c., aud make ay equal to pa, bof equal to pb, 
cw equal topCy dv equal to/?(/,and eu equal toj9e,&c.; from 
/, Uy Vy Wy Xy tfy let fall verticals ; fromy, perpendicular to Sf draw 
fo ; through e, perpendicular to 5 e, draw eoy through d, perpen- 
dicular to 4 dy draw d a, through c, perpendicular to S c, draw c ; 
through 0, Oy 0, 0, &c., which are the points of intersection of the 
last lines drawn, and the last verticals let /ally draw the curve 
Oy Oy Oy Oy Scc.y which Will bc the line of thrust ; join O R, and 
bisect it at 6, and from G at a centre, with radius 6 O, describe 
the cwrve b R ; join i R by a straight line b R, which will give 
the limits of abutment ; this method borders remarkably near 
practice; if from i, we let fall a vertical iT, ST will be, the 
thickness of abutment, and V may be considered the point of 
limit for the counterfort, and the curve 0, 0, 0, V, the line to 
which the courses of masonry in the abutment should be per- 
pendicular. Fig. 60 shows an elliptic arch extradosed ; with the 
thickness of abutment found in the same manner, but in this 
latter instance the thickness of the abutments is rather in excess, 
at least at top. 

70. Having the span and the rise of a segmental arch to 
find the radius ; in Fig. 61, A B is the span and C D is the rise ; 
let A B be S, and let C D, be V : required the radius ; 

then. 



R = ?(i+4"-) 
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Or in figures, let C D, or V, the rise be 9 feet ; and let A B, or S 

the span be 30 feet ; 

then 

f = 4.50; 



and 
and 



and 



30« = 900; 

9« =81 X 4 = 321, 
S« or 900 -H 4 V% or 324 = 2.7777 + 1 = 3.7777 ; 

V 

^ or 4.50 X 3.7777 = 16.999651, or radius required. 

Fig. 61. 




Or the rectangle under the segments of one chord being equal 
to the rectangle under the segments of another, we may make 
use of the following rule : — 

2 



or 



23 5 
9 



/30\2 

(-2") =225 

: 25 ; and 25 -f- 9 = 34 ; 
Y = 1 7 = Radius. 



156 

]^1. At the commencement of this chapter the reader will 
find a table of the proportions for the different parts of bridges 
and viaducts, such as are generally used in practice ; in these 
tables the dimensions given are for brick ; beyond 35 or 40 ft. 
span, the construction of arches in brick is only met with in a 
few cases, as a great depth of arch becomes necessarily involved ; 
the span of the elliptic arch at Maidenhead, on the Great West- 
ern Railway is 128 ft. the rise is 24 ft. 3 in. and the depth of arch 
is 5 ft. 3 in. 

72. With regard to the width of the arch stones at the 
intrados we may take from i to' ^ of the depth at the crowni 
remembering that the number of voussoirs must be an odd 
number, as one of them will be the key stone, and their number 
multiplied by their thickness should be equal to the length of 
the arc, allowance being afterwards made for mortar; the di- 
mensions should be figured on the drawing, for the intrados and 
extrados, and the engineer should see that the arch stones are 
worked to those dimensions, within the limitsof practical means. 

73. To rectify the arc of a circle, or to find the length of a 
circular line, either of the following rules are sufficiently near 
for practice : — 

Let C be equal to the chord of the arc, or the span^ A B, 
30 ft.. Fig. 62, and let c be equal to the chord of half the arc A C, 
9 ft. and x the length of the curve required ; then 

8c - C 
X= 3""' 

or by figures 

^ A D» + D C» = 1 7.4928557 ; 
and 

8c = 17.4928557 x 8 = 139.9428557; 
and 

8 c — C= 139.9428557—30= 109.9428557; 
and 

8 c - C ^ 109.9428, &c. ^ ^ 

T- ^ 3-^ = 36.6709, &c.; 

and 

^ = 36.6709 = length of arc. 

Or as before, putting C, for A B, span of 30 ft. ; and c for C D, 

versed sine, or rise of 9 ft. ; and x for length of curve required, 

we have 
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or in figures, 

rise", or c» = 81 ; 

c" = 81 X C or 30 = 2430 ; 
and 

3 C» + 2 c« or 2700 + 162 = 2862 ; 
and 

19440^2862 = 6.7924; 

and 

C = 30 + 6.7924 = 36.7924 length of arc. 

74. And having found this length, if we divide by about one 
half the depth of arch stone, say 2 ft. on the face, we shall ob- 
tain the number of voussoirs or arch stones, and also have their 
dimensions at the intrados, allowance to be made afterwards for 
mortar; here reducing 36.79 to inches, we get 441 in., and 441 
divided by 11.31 in. = 39, almost exactly, and nearer than we can 
ever obtain it in practice ; ^^ of an inch is the least quantity 
masons can be expected to observe ; we shall therefore have 39 
voussoirs of 11.31 inches thickness at the intrados, and if we 
allow ^ inch for the mortar joint, we shall have 10.91. For the 
thickness at the extrados, see page 86. 

75. We have now the span, the rise, the radius, the depth 
of arch, the division of the arch into arch stones, the thickness 
of the piers, and the width of the abutment at the base, though 
circumstances will continually modify this dimension between J 
and y of the span ; under 20 ft. it will be nearer ^. 

76. The practice of engineers varies very much with regard to 
the backing, or filling in of the spandrils, a, Fig. 62 ; our rail- 
way bridges are generally equally extradosed, that is the extrados 
is parallel to the intrados, though certainly not because it is the 
strongest form of extrados ; sometimes the arch stones increase 
towards the springing, and the extrados is often then a curve 
of contrary flexure from about an angle of 45°; sometimes 
also the depth of voussoirs increase by a similar curve to 
that of the intrados, becoming at the springing of twice the 
thickness of the crown ; this subject belongs exclusively to the 
study of bridges ; the tables above given are for arches equally 
extradosed. The spandrils may be filled by solid masonry, sur- 
mounted by spandril arches, or by solid masonry and spandril 
walls, or by solid masonry alone ; the object is to receive the 
thrust of the upper portion of the arch and of the load super- 
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imposed^ and to dissipate v]bration,and where spandril arches and 
spandril walls are used, relieve the upper portion of the arch from 
vertical pressure ; in arches up to 50 ft. span, the spandrils may be 
filled in with solid masonry ; and here practice varies very much 
also ; in many cases it is scarcely as high as f rise of the arch,aa in 
theCongleton viaduct on the Manchester and Birmingham Rail* 
way, of 60 ft. span, 21 rise,* segmental arch of brick, 3 fl. thick, 
equally extradosed, and the engineer, G. W. Buck, is certainly 
sufficient authority to warrant similar practice in a similar case ; 
we know also that it is the practice of other engineers of high 
standing for a sound knowledge of construction, and whose 
works are very numerous throughout the railways of England, 
who fill in the spandrils level with the intrados, and would do 
so in such a case as that mentioned above ; we consider that thQ 
spandril over the centre of the pier may be filled in up to within 
a few inches, or a foot of the level of the intrados, and a line drawn 
from this point tangent to the extrados, will give the backing. 
Fig. 62 a; we are here speaking of an arch in which the versed 
sine is equal to ^ of the span ; in flatter segments the backing 
over the centre of the pier would be rather higher, say level with 
the intrados at the crown for a rise of ^ of the span. 

77* Still speaking of the same description of arch, we may 
proportion the depths of the springers in the following manner ; 
from 20 to 30 ft. span, I foot for the depth of springer ; from 30 
to 35 ft. span, 1 foot 3 in. ; from 35 to 40 ft., 1 foot 6 in. ; 40 to 
50 ft., 2 feet ; 50 to 60 fl., 2 ft. 6 in. and 3 ft. ; less dimensions, 
may be allowed for string courses ; a good depth of string course 
acts like a chain over the spandril walls ; make all mouldings 
plain, bold, and so weathered and throated, that water cannot 
lodge. 

78. A transverse section through an arch should show di- 
mensions between the faces of the arch, the thickness of span- 
drils, the dimensions of string courses, parapets and coping; 
and these dimensions should all be figured ; where any of these 
parts are decorated by mouldings, enlarged or detailed drawings 
should be given, showing the centres of curves and the bevels ; 
a section of wing walls near the pilaster should also be given. 



* At least as shown in Brccs' Railway Practice. 
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and where brick is the building material, care must be taken to 
count the dimensions by bricks and half bricks, or these di- 
mensions have no real value beyond the drawing ; the young 
practitioner must never lose sight of one important point on the 
subject of working drawings, that they are only preparatory to 
the construction of a building, and that this important point 
from ignorance or carelessness is so often neglected, that one or 
two dimensions having been taken the drawing becomes worth- 
less ; hence, a common observation amongst workmen, " who 
ever saw a working drawing that could be worked from;^* an 
engineer in charge of works, should consider himself responsi- 
ble for the value of working drawings, making, however, some 
allowance for unexpected circumstances ; whether the material 
be stone or brick, iron or wood, a little thought, observation 
and study of material will guide him in giving instructions for 
working drawings, w^hich may be worked from ; and in setting 
out the dimensions on paper, he should consider himself as set- 
ting out the work itself; as regards the principal lengths, widths, 
and heights, a cross section to a large natural scale taken on the 
site determined ow, will generally save him from blundering, as 
regards section, elevation, and plan ; the neglect of this precau- 
tion will ensure two things, viz., a wide difierence between the 
work constructed and the drawing, and the impossibility with- 
out making a fresh drawing, of setting off the quantities of work 
performed ; it must not be supposed that an affectation of fasti- 
dious care is here pretended, involving useless trouble to others 
and loss of time, and, it must, on the contrary, be considered 
that we are alluding strictly to practice generally^ and that ex- 
perience and candour alone suggest these observations for those 
who are willing to be guided ; the rough and ready school, and, 
in truth, the lazy school, may take their own course. 

79. A few remarks on brick as a constructive material in 
arches may not be inappropriate ; this building material is only 
employed in the construction of an arch from motives of eco- 
nomy, not (inly where stone is not easily attainable, but also to 
avoid the expenditure of cutting the arch stones to their true 
form ; in this sense, also, bricks have the advantage of being 
more easily raised in moderate quantities, and from their small 
size of being more easily handled and placed ; but compared to 
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stone, brick is a frangible and porous material^ at least that 
description of brick usually resorted to from motives of economji 
and rain and troet too often perform quick justice on these de- 
fects, by fracturing and splintering the materials in the intradosy 
^hich, consequently, drop out, thus commencing the destruc- 
tion of the arch, unless careful precautions be taken to prevent 
the access of surface water to the extrados, by covering the arch 
with an impervious material as good chy puddle, or asphalte 
properly prepared and laid on. Bricks, being in rectangular 
forms, would necessitate gauging to proportion their outer sur- 
face to the outer periphery of the ring, and this, economy puts 
out of the question ; moreover, this expensive precaution in a 
large arch, comparatively speaking with regard to the size of 
bricks, would be almost useless in consequence of the small 
depth of a brick ring and of bond ; the auxiliaries, therefore, to 
obtain the curve of the arch, are a series of wedges of mortar or 
cement, the latter of which, although more expensive than the 
first, is now generally used as the cementing matter; it is 
only after a time that this material acquires the hardness of the 
brick generally employed; and to gain this advantage the cement 
must be of a good average quality, well prepared and properly 
used; and much of this quality of soundness will depend on the 
proportions, purity, and grain of the sand, with which it is 
mixed ; these observations are made very positively on sound 
data, close observation, and numerous experiments. However 
valuable a quick setting cement is in hydraulic masonry, in the 
construction of an arch, it is, by no means, so desirable, and a 
rather slowly setting cement is preferable from time being 
allowed from the commencement and completion of the arch, to 
the easing of the centres, when a certain degree of yieldingness 
in the cement is advantageous to the regular settlement of the 
arch, after which, the harder it becomes, the better we may con- 
sider the cement. A brick arch may be considerably strength- 
ened by the introduction of sheet iron straps between the courses, 
by the arch resting on stone springers, and by facing with stone 
quoins, which should have a good length, say two feet, Fig. 7 7> and 
with a good bond ; these quoins should have their soffits fair tooled, 
and they should underhang the bricks by a couple of inches, 
and have the edges chamfered off, when they act as drip-stones 
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and prevent rain water from gaining access to the brick work. 
In all constructions, however, whatever the material, whatever 
their purpose, we must be guided by circumstances, and not the 
least of these will be our means. 

80. Much of the above observations will hold with regard 
to the stone voussoirs of an arch, but in a less degree, as the 
arch stones are cut to a radiating form, the intervening mortar 
is no longer of wedge shape, and the thickness of the mortar 
joint should only be such as to act as a cement, and entirely fill 
up vacuities between arch stones ; the greater the span, and still 
more, the less the rise of the arch, the greater the necessity of 
strict adherence to this important point will be. With regard to 
the filling in of spandrils of railway arches, which are generally of 
only a moderate span, the work should be as sound as any other 
part, but appearance is not here requisite ; pieces of brick may be 
introduced in brickwork, rougher materials may be used, but there 
should be abundance of mortar, and in this part of the construe^ 
tion, bricklayers and masons will introduce as little as possible, if 
they are not watched. In masonry, or stone work, there should 
be sufficient binders, and all the work should be well and closely 
packed ; it must not be forgotten that, although this part of the 
construction is out of sight, it has to perform the duty of resist- 
ing the thrust of the upper portion of the arch tending to over- 
turn the lower. 

81. Ashlar and blocking course, or masonry composed of 
stones of two different sizes, large in one and smaller in the 
other, generally also compose the structure in the wing walls, 
but as far as these wings are concerned, where not on turnpike 

YiQ, 63. roads or principal thoroughfares, 

coursed rubble. Fig. 63, may be 
used with a considerable sav- 
ing of expense, and a great in- 
crease of strength will be ob- 
tained by coursing any descrip- 
tion of work vertically to the 
battering slope. The engineer will never display his talents and 
constructive knowledge with greater benefit to his employers 
or credit to himself, than by a judicious and considerate 
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application of the various kinds of masonry and brickwork to 
various circumstances^ and in engineering work almost always 
heavy, the subject is of primary importance in an economical 
point of view alone. 

82. From face to face of parapet^ it is customary to give 
28 and 29 feet, 2 feet 6 inches of which are occupied by two 
almost useless parapet walls, which, in every point of view, 
might be advantageously replaced by a cast-iron railing; the 
transverse sections, Figs. 64 and 65, will more fully explain 
the meaning of this ; with the iron railing, fully sufficient space 
is maintained outside the rails, a more ornamental appearance is 
obtained, instead of 29 ft. for the width of arch, we have only 
25 ft., thereby economising a considerable quantity of expensive 
masonry or brickwork in the arches, and in case of lofty piers 
in viaducts, this diminution of quantities, would become of still 
greater importance ; by corbelling to a small extent y as shown 
on one side of Fig. 65, we may gain a greater space between the 
outer rail and the iron balustrade. 

83. We will not extend beyond a few words our remarks 
on the centres of railway arches ; centres must be viewed as the 
means by which the materials forming an arch are to be sup* 
ported until the arch is keyed in, and also as the moulds by 
which the intended curve is given to the series of stones, bricks, 
&c. ; designs for centres are not expected from the engineer, it 
being the business of the contractor to provide these, but it is 
distinctly the business of the engineer, to see that the centres 
employed be of correct form and dimensions, of sufficient strength 
for their intended purpose, and so framed as to be prctcticdOiy 
unyielding under the load they are to bear ; it is, therefore, 
necessary that he should take this subject into general conside- 
ration in the superintendence of railway works, more particu- 
larly under certain important points presently to be pointed out, 
without the slightest pretension, however, to allude to bridges 
of vast span, or to those of very small rise, where th^ centres 
become of the last importance even in minute details of compo- 
sition and construction. As soon as the voussoirs of the arch 
assume an inclination to the horizon, whereby the weight of the 
stone overcomes the friction between the connecting surfaces. 
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the arch stones then begin to bear upon the centres, which lat- 
ter must be capable of bearing this increasing weight, and of 
keeping the stone upon its inclined bed ; when a soft bed of 
mortar is interposed between two arch stones, this inclination 
to the horizon may be considered an angle of about 20 degrees,* 
after which every stone bears the more heavily on the centre, 
imtil the power of the weight becomes sufficient to force in- 
wardly the sides or haunches of the centreing rib, and to force 
the crown upwards, unless the construction be such as to resist 
this pressure ; and the flatter the arch, either in a segroeptal or 
elliptical curve, the more efiective this pressure will be, and the 
greater, therefore, the requirements from the centres ; when a 
vertical drawn through a centre of gravity falls without the 
lower voussoir, the whole stone may be considered as weight on 
the centre ; even in small spans of 30 and 40 ft., this subject 
requires strict attention, as there can be no doubt that deficiency 
of strength in this direction, not from want of material, but ill 
disposition and bad workmanship, has occasioned many of the 
accidents to arches so prevalent duringthe last year, as well also 
as the haunches of arches being loaded prematurely; when a 
centre rib is thus upreared at the crown, a heavy load must be 
there applied to weight it back, but it is very doubtful in thus 
weighting the centre, whether we force it back into its origi- 
nal form ; indeed this cannot be expected, and only an approxi- 
mation to the first curve can be hoped for ; a very little thought 
will make this apparent, and, therefore, also the necessity of at- 
tention to this subject. The greater the number of joints in 
the rib, the greater the liability to flexion, these joints being the 
points at which the parts of the rib pivot, and these, therefore, 
require support by framing, auxiliary timbers, strapping, &c. ; 
the above must be considered the first requisite in a centre ; 
next follow an economical erection, and an easy removal, and 
economy will be best observed by employing mostly timbers 
of the pommon scantlings, and in such manner that the timber 
may be employed for general purposes afterwards* In design- 
ing or inspecting centres, it is more particularly at the angle 



* Tredgold says 34 degrees. 

M 2 
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where the whole weight of the arch stones leaves, practically 
speaking; the lower voussoirs of the arch to rest entirely on the 
centre, that we must look for resistance to this weight, there- 
fore, material should be disposed accordingly, and an angle 
of 50 or 55 degrees may be considered to be about this point 
generally, at least where the width of a voussoir is equal to about 
half the depth ; centre ribs may be set at from 4 to 6 ft. apart, 
these being extreme limits, and care must be given to secure 
them from any lateral motion; on the centres come what is 
termed the lagging, which are narrow , planks set across from rib 
to rib. The supports of centres that are raised high above the 
ground, as in lofly viaducts, require particular attention, as the 
great length of leverage renders them particularly liable to 
serious lateral motion from vibration or otherwise ; in all cases 
the balks bearing the several ribs should be well braced together 
in the direction of the transverse section of the arch; it is a 
common custom to rest these supports on corbels projecting 
from the piers ; but this must be considered more economical 
than beneficial. 

84. The easing and striking of centres requires care and 
watchfulness, and, accordingly as the setting of the centre af- 
fords the ready means of doing this, so will be the facilities for 
obtaining a regular and steady settlement of the arch; since the 
voussoirs rest upon the centreing, they will descend as the cen- 
treing recedes from them, suddenly if the centre is suddenly 
removed, unequally at each side of the arch if the descent of the 
supporting centre be unequal, and this by fracture in some of 
the mortar joints if this cementing matter be dry, or by an un- 
equal forcing out of the mortar if too soft ; either of these de- 
grees of induration being, therefore, least fit for the easing of 
the centres. Our business here is not the description of con- 
struction, or easing and striking of centres of vast span, for in- 
formation on which the reader is referred to the works of the 
Kennies, Smeaton, Harrison, &c. 

85. The means usually adopted for easing the centres of 
railway arches consists of double wedges, which being driven 
back equally at each end by men striking with mauls, allows 
the centre to descend as the wedges retire, and the quantity of 
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release^ therefore, may be easily ascertained as the operation 
proceeds; the men performing this task generally know perfectly 
well what they are about, but it is as well to observe, that the 
great weight superimposed on these wedges during the construc- 
tion of the arch forces the fibres of the wood together, occasion- 
ing at first great friction, which must not be overcome too sud- 
denly and violently, as the result would be a shock ; when the 
settlement of the arch is complete, the centre may be entirely 
removed. 

86. Figs. 66 and 67 are longitudinal and transverse sections 
of aji elliptical arch of 30 ft. span, with cast iron balustrades; the 
form of counterfort and backing is inferior to that of a similar 
arch given further on. Figs. 68 and 69 are through a semicir- 
cular arch ; the longitudinal section has been given in another 
work, as being on the London and Birmingham Railway ; but 
an arch so backed without spandril walls would not stand, the 
backing should be at least three feet higher. 

87. Figs. 70 and 71 are sections through a bridge in cut- 
ting or over the railway, the inclination of the road being 1 in 
34.28 ; in making the working drawings and setting out this 
description of bridge, the gradient stipulated for as the future 
inclination of the road requires strict attention, to avoid disputes 
with road trustees and land owners, who do not fail to take ad- 
vantage of any error or discrepancy on this point, or on width 
between parapets. 

88. Fig. 72, on the Weedon Viaduct, London and Bir- 
mingham Railway; we think the spandril arches would, in 
these days, be occupied by solid backing ; and the drains down 
the piers would now be carried through the arch ; the abutment 
is rather extensive. 

89. Fig. 76. is a section on a viaduct on the Midlands ; in- 
stead of spandril arches, fill up to 1,6 below the level of the 
intrados at the crown, and level ofi^ in the direction of the top 
of the intrados; Fig. 77 is proposed for a transverse section, in 
which are shown the stone quoins. 

Figs. 80, 81, and 82, for a 2 ft. barrel culvert. 
Figs. 83, 84, and 85, for a 3 ft. culvert. 
Figs. 86, 87, and 88, for a 4 ft. culvert. 
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Figs. 89, 90, and 91, for a 5 ft. culvert. 

Figs. 92 and 93, for a 10ft. culvert; this work should be 
filled up with dry filling to 2 ft. below the crown, as there is 
some degree of weakness at the haunches. 

Figs. 94 and 95, for an egg culvert for heavy ground. 

Fig. 97, centre for 24 ft. span. 

Fig. 98, centre 30 ft. span. 

Fig. 99, centre for 40 feet span. 
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CHAPTER XL 



Wooden Bridges and Viaducts, 

90. Wood, as a material for the construction of bridges and 
viaducts may be selected in preference to stone or brick, on 
the score of economy, and from the comparative rapidity with 
which such structures may be erected ; but it is of course very 
inferior to the last named materials as regards strength and 
durability ; and in designing and constructing such works, the 
inherent defects of wood must as much as possible be counter- 
acted. Experience has proved, that the most simple combina- 
tions of timber are superior for strength to complicated sys- 
tems; and these have latterly become almost entirely aban- 
doned. By calculation, a scientifically framed truss may be 
made ; the almost impossibility in practice of making such 
a perfect assemblage of the timbers as the calculations would 
have been based upon, renders such complicated combina- 
tions unwise; moreover, to obtain even that degree of per- 
fection of which practice is capable, we must resort to an 
excess of strapping, bolting, keying, morticing, and every des- 
cription of jointing, which becomes very expensive, and when 
we have done all this, the destructive efiects of rain, sun, and 
wind, increase in the very proportion of complication intro- 
duced in the system of construction ; unavoidably, also, a con- 
siderable quantity of material is wasted, which might be pro- 
fitably reserved for increase of strength under a more simple 
mode of treatment. The intention of a truss, composed of a 
multitude of timbers, is not only an equable distribution of the 
superimposed weight, but also a dispersion of the shaking and 
vibration resultant from the motion of weight ; this, nothing 
but the most perfect workmanship could obtain^ and all practical 
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men know the extreme diflSculty of obtaining this, however great 
the expense incurred. In Colonel Emjr's very clever work on 
carpentry, and in the work on bridges published by Mr. Weale, 
the student will find a variety of systems and combinations ; but 
in this little work the author must be of few words. 

91. For great spans, the laminated arch is unrivalled for 
strength and elegance ; it is formed of planks laid one upon the 
other, breaking joint in length and breadth and bolted together. 
Colonel Emy, above mentioned, claims the invention, in 181 9. 
From the tendency of the planks, which however appears to be 
but small, to spring back to their original straight line, the thrust 
of such an arch on piers or abutments, is no greater than that of a 
single beam. On this description of arch, originally applied to 
the construction of roofs, two distinct systems of bridge arches 
have been based ; the one by the superposition of the platform 
on the laminated arch, and the second and best, by suspension 
from it. The following note of dimensions of viaducts of this 
description may not be here out of place. 

Notes of Dimensions of some Laminated Arches, 



Name of Viaduct, or 
Bridge. 



Ouse Bridge, East 
Anglian Railway 

Dinting Vale, Shef- 
field and Manches- 
ter 

♦Wellington, Dean, 
Newcastle, North 
Shields, and Tyne- 
mouth Railway . 

Ouse Burn, do., do.. 
Railway . . . 

West Durham . . 

Sechill . . . . 

Newcastle - upon - 
Tyne and North 
Shields . . • . 



Name of Engineer, 



J. S. Valentine 



A. Jee 



J. & B. Green 

The same 
The same 
R. Nicholson 



The same 



Span in 
feet and 
inches. 


Rise in 

feet and 

inches. 


Thick- 
ness of 
Rib in 
feet and 
inches. 


121,6 


14,4 


3,8 


125,0 


25.0 


4.6 


120,0 


36,0 


3,9 


116,0 
79,0 
81,6 


32.6 

13,0 

8,9 


3,6 
2,3 
2,3 


52,6 


• 7.0 


1.9 



Width of 

Rib in 

feet and 

inches. 



{ 



2.9 
2,2 

2.4 



1.10 

1.10 

1.5 

1.5 



1.5 



• In justice to Messrs. Green, we should have given priority, according to date, 
to their worlc ; in fact, the Dinting Vale appears almost a fact* simile of the Willing- 
ton Dean and Ouse Burn, with the exception of the rise being much less. Set 
the Bridges published by Mr. Weale, Brees' Railway Practice. Third Series. 
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92. In the Sheffield and Manchester^ Willington Dean^ 
Ouse Burn^ and West Durham, the platform of the railway is 
supported by struts or spurs, which rest upon the laminated 
ribs, which abut on cast-iron bed plates resting on stone piers ; 
there are three ribs in each arch. 

93. In the Sechill and North Shields, in which the lami- 
nated arches form flat segments, the platform is suspended 
from the arch by wooden ties strapped to the arch, and braced 
together laterally ; the rib springs from a joggled cast-iron 
shoe, resting on the platform which surmounts stone piers. 

94. In the Ouse Viaduct, on the East Anglian Railway, 
the platform is also suspended from the laminated rib ; but, 
most judiciously, the engineer has suspended the platform by 
means of wrought-iron rods | the drawings, for which we are 
greatly indebted to Mr. Valentine's courteous liberality, are 
far preferable to any description we could give, and we will 
close the subject by referring the student to them, and annex- 
ing a few observations which appeared in the " Railway Chro- 
nicle of last October.^' " The viaduct over the river Ouse is 150 
yards long, and consists of ten side openings of 30 ft. span each, 
with a single span over the waterway of 121 ft. 6 in. The me- 
thod adopted to support the roadway over this great space, is 
by suspending the platform from three timber bows, each formed 
of three inch deals, firmly united together by oak trenails ; the 
suspension rods are of wrought iron of the very best material 
and workmanship ; each rod has been proved to be equal to a 
strain of 20 tons, and as there are 72 of these rods, the weight 
they are capable of supporting is 1,440 tons ; but the greatest 
weight which they will be required to carry will not exceed 310 
tons, the platform itself being 160 tons, and the greatest load 
that can be placed upon it being about 150 tons. The piers 
upon which the superstructure rests are built of Yorkshire 
stone, the foundations resting upon the solid gault at a depth of 
about 30 ft. below the top of the banks. Minute and careful ad- 
measurements were taken by the government inspector to ascer- 
tain the strength of this bridge. Four locomotive engines and 
tenders^ and five waggons loaded with iron^ were placed upon it at 
the same time ; but scarcely any deflection of the beams was 
perceptible ; and whether the trains were at rest on the bridge, 
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or passing over it at full speed, there vfSB not the least percep- 
tible difference/^ 

95. The drawings of the Ouse Bridge are so perfectly de-. 
tailed, that no difficulty can occur in setting out any design of this 
description, by copying or changing, as future experience may 
suggest. The above note of dimensions will also h€ some guide 
in deciding on the number of planks of which the rib is to be 
composed. At present, as far as we are aware, 125 ft. is the 
greatest span we have in this description of arch. Specification 
page 97. 

96. The Ladykirk and Norham bridge over the Tweed, 
J. Blackmore, Engineer, is composed of two arches of 190 ft. 
span each, rise 17 ft. Each arch consists, first of a rib, of three 
thicknesses of 6 in. planking at th« crown, and the number of 
thickness is increased one by one towards the springing where 
the thickness of the rib consists of 8 courses of 6 inch planking ; 
above this arch comes the platform, resting on the summit of 
the above rib ; about 7 ft* above the platform comes another 
rib, of 110 ft. span and of about 5 ft. rise, the springing of this 
second arch being over the middle of a centre pier 20 ft., thick; 
this second rib consist of 7 courses of 6 in. planking at the 
crown, diminishing one by one towards the springing, where it 
consists of a single plank ; the ribs are connected by 14 struts, 
each strut strapped at top and bottom to the ribs, and there are 
14 braces connecting the struts ; these struts and braces abut 
both on the upper and low ribs at the increase in thickness of 
planking. This design possesses the merit of originality, but 
we have only introduced this short description of it on account 
of the great span, and to suggest that in a similar case the upper 
rib be brought down and united to the lower one, and that it 
be formed of 3 instead of 6 inch thicknesses ; the rib, however, 
should be made 5 ft. 6 in. thick, and 1 ft. 6 in. broad. Where 
the rise is only ^th or less of the span, an increase of thickness 
at the springing is unnecessary. 

97* The openings of viaducts are seldom under 30 ft., and as 
wood is not used for elegance or durability, but from motives of 
economy, it is fortunate that a very simple construction answers 
every purpose required, we mean that shown in continuation of 
the Ouse Bridge ; it has been very extensively used, and expe- 
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rience therefore recommends its continuence. In the drawings 
referred to, all that is wanted for the setting out of working 
drawings will be found. The reader will remember that strength 
of connection between the trusses tranversely is quite as ne- 
cessary as the strength required in the form of the truss itself, 
and this will be effected by transverse ties and braces. 

98. A few words on details may be of some 
service. Timbers are connected by various des- 
criptions of joints, the most simple being gene- 
rally the best, particularly for our purposes. — 
Fig. 100 shows tenon and mortice; T the tenon, 
M the mortice. The thickness of a tenon is made 
one-third the thickness of the timber on which it is 
cut, and the size of the mortice of course corresponds 
to the dimensions of the tenon ; the depth of a 
mortic'e should exceed a little that of the tenon^ as 
the perfection of the work so is the value of the 
joint ; the shoulders of the tenon should be exactly in one place, 
and perfectly perpendicular to the axis of the timber ; where 
acting by suspension, little depth is required if a strap be 

Fig. 101. 



Fi( 


J. 10 


0. 
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added ; an oak trenail should be driven through the timbers, the 
holes being bored after the tenon is in the mortice ; the dia- 
meter of a trenail should be ^th the thickness of the tenon, 
and the hole bored for its reception should be at -fds from 
the end of the tenon, as shown in the figure ; but the value 
as regards the strength of a tenon and mortice should be 
independent of the trenail. The above is a rectangular 
mortice and tenon. Fig. 101 shows an oblique joint of this 
description, and it is believed explains itself. The above des- 
cription of joint, though common, is not the best of the kind, 
the timber T being weak at a, and liable to fly ; Fig. 102 is a 

Fig. 102. 




better system, where T is partly joggled into M, and sx is 
made from about |th to ^th of the thickness of the piece M. 

99. In setting out a joint of this kind, with a single joggle 
and no tenon and mortice, to find the direction of 5a?,Fig. 103 ; 
draw the central axes of the timbers, and o s will give the direc- 
tion of «a?; or divide the angle asb, and the line sv will give 
the direction o{ saf; or make sa^ perpendicular to sb; or from 
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c as a centre with radius c s, describe an arc, on which set off 
Fig. 103. from Jth to ^-th of the thick- 

ness of the timber M ; it must 
not be forgotten that too sharp 
an angle at x is likely to make 
M fly at X. To find the direc- 
tion of s x, in timbers abutting 
end to end, Fig. 104, divide the 
angle axs, which will give the 
direction o( sx. 

100. It is always expensive 
to obtain timbers of large scant- 
lings and great length; and 
when a beam beyond 24 ft. or 
thereabouts is required, we 
have generally recourse to scarf- 
ing, which, it is unnecessary 
to add, is a joint in which the 
ends of the timbers are cut and 
overlapped so as to form one in 
appearance. Some persons are 
partial to complicated scarfs ; 
but we have no greater faith in 
them than in complicated trusses, 
much for similar reasons, and be- 
cause so much hacking of the timbers must weaken it ; also they 
become very expensive. In a scarf it is evident, that the bear- 
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ing surfaces have to support the strain, and therefore the greater 
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the quantity of surface the greater the strength^ provided the 
best form be given ; therefore also a long scarf is stronger than 
a short one, for the same reason that any strength at all is 
gained by a scarf, but a great waste of timber and much work- 
manship are involved. One important consideration, and which 
should never be lost sight of, is the strain to which a scarf will 
be exposed, compression or tension. Scarfs are greatly strength* 
ened by iron bolts and oak keys ; where the surfaces of the 
scarfing are square, iron bolts are preferable to keys, and the 
contrary where the jointing surfaces are oblique to the fibres of 
the wood. Let Fig. 105 be a beam scarfed at W, where it is 

Fig. 105. 





exposed to a strain from the weight W ; tRe upper portion of 
the beam is exposed to compression, the rectangular bearing a, is 
therefore the most appropriate, as an acute angle formed by a 
line parallel to &, would, on the beam being compressed, act like 
a wedge, and tend to make the upper portion of one beam fly ; 
but this is reversed at i, which would tend to open by ten- 
sion. Of the keys c and d, the first would be under compres- 
sion, and the latter would be loosened; but being near the 
neutral line, the tightening and loosening would be compara- 
tively small, unless the beam were loaded beyond the bounds 
of prudence ; also c, under compression, would tighten the 
beam at a, and though d would not do the same at d, the 
bevel joint must prevent any evil results. Whether we have 
one, two, or more keys, the single or aggregate depth should 

Fig. 106. 




not exceed |rd the depth of the beam, neither should they 
be too violently tightened when driven. This scarf is short. 
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and we may add considerable strength by a bolt at W ; and it 
would be better still to place a bolt at c and at d^ and the key 
in the centre as at Fig 106. Fig. 10? is strong enough for 



Fig. 107. 




most purposes ; it need scarcely be observed, that the further the 
scarf may be from the points of bearing, the greater the strength 
required ; bolts should never be placed too near the end of a 
beam. Wrought iron straps are great auxiliaries of strength, 
and may be very advantageously used in connecting timbers, 
whatever may be the joint, provided always that tension be the 
strain to be resisted. It has been very cleverly remarked, that 
'^ a skilful carpenter never employs many straps,'^ &c. ; but how- 
ever skilful a carpenter may be, he cannot prevent the effects 
of atmospheric influence, neither can he give to comparatively 
new wood the properties of well seasoned timbers. No man 
who knows any thing about designing in wood, would con- 
sider straps as principles of strength in his constructions ; but 
as fastenings, as auxiliaries, they are perfectly admissible, of 
course in moderation, and are becoming daily more in use. 
Before use, straps, and indeed all iron work, should be heated 
to a blue heat, and struck over with raw linseed oil ; this is far 
preferable to paint as preventative to rust, and is in accordance 
with the practice of Smeaton. A strap 1 in. wide may be made 
\ thick ; 1^ wide, f thick ; 2 in. wide, iV thick. Cast iron plates 
and shoes are also very useful to receive or to equalize the thrust 
from the ends of butting timbers, the first particularly where 
employed as a connecting surface between the ends of timbers, 
which from shrinkage, defect of workmanship, or otherwise, 
may come to bear upon opposite angles, instead of the whole 
area of their intended connected surfaces. 

101. The truss shown in connection with the Ouse bridge 
has already been referred to for a 30 fl. bay ; beyond this span 
we should not like to trust to a single pile for the pier; by 
widening the pier, or rather by constructing a pier, instead of 
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using a single pile, and by corbelling over it, the truss would be 
sufficient for a 35 ft. span ; for 40 or 45 ft., four struts may be 
applied instead of two, and tbey may, if considered necessary, be 
strengthened by ties. As regards the piers, too much depends 
on circumstances connected with the nature of the natural 
foundation, to recommend any particular plan, as according to 
these circumstances it will be advisable to build entirely of wood 
or of masonry and wood ; it will not be forgotten that wood ex- 
posed alternately to wet and dry cannot last very long, and this 
therefore will be one reason for employing stone or brick in 
water or marshy ground ; on the other hand, weak ground will 
cause wooden piers to be preferable, and sometimes it may be 
advisable to make a wooden pier occupy an area of consider- 
able extent, in order to spread the effect of a superincumbent 
weight over a greater surface, and thereby, to a certain degree, 
neutralize this effect ; such may be the case in going over deep 
peaty ground. 

V 102. This subject may now be concluded by practical illus- 

trations of the rules for ascertaining the strength, or determining 

I the scantlings of timber. 

' 103. To ascertain the cohesive strength of timber, or the 

tension it will bear, when the weight acts in the direction of 
the axis of the timber multiply the area in inches by the proper 
tabular number in the table of specific gravities. 

104. To find the weight that will tear asunder a piece of 

j fir 4" X 4"; we have here 16 square inches, and the tabular 
number is 9500; then 9500 x 16 = 152,000 lbs. one fourth of 
which would be taken in practice for a perfectly safe load, or 
38,000 lbs. 

1 105. Having the load to find the scantling, divide the load 

i by the tabular number ; as, let the load be 38000 : ^^ = 4", 
for the side of the scantling. 

106. To find the strength of a beam fixed at one end and 
loaded at the other, multiply continuously the sectional area by 

I the depth, by the constant of strength in the same table as the 
former constant, and divide by the length, all in inches ; if the 
beam is inclined, the length will be the horizontal distance be- 
tween the ends, of course not including the quantity of bearing^ 
I as of tailing into a wall. 
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107. To find the strength of a beam of Memel 10 ft. long, 
5 in. wide, and 7 in. deep; 5 x 7 = 35 = sectional area; 
35 X 7 depth = 245 x 173O, constant of strength = 416850 ; 
and this divided by the length in inches gives 3473 lbs. nearly ; 
but this would be the breaking weight, only J of which should 
be taken, or 1157 lbs. as the weight to be borne without strain- 
ing the timber ; and twice this load may be taken if the weight 
is to be distributed over the beam. 

108. Given the depth, and length, and the load, to find the 
breadth ; as above let the length be 10 ft., the load 1157 lbs., 
the depth 7 ; and the timber of the same description ; multiply 
continuously the weight, by 4, by the length in inches, and di- 
vide by 1730 the constant multiplied by the depth 7; the pro- 
duct will be the sectional area, which by divide the depth 7- 

109. Given the breadth, the bearing, and the load, to find 
the depth ; multiply the weight by 4, by the length in inches, 
and divide the product by the constant multiplied by the 
breadth ; and the square root of the quotient will be the depth. 

110. To find th estrength of a beam fixed at the ends and 
loaded in the middle ; multiply continuously the breadth x 6 x 
the square of the depth x by the constant, and divide by the 
length ; as to find the strength of a beam of Riga 20 fl. long, 

TO . u 11 £ J 13 X 6 X 13^ X 1050 57671 mnrtoiu 

13 in. square ; we shall find — = — 5— =19223 lbs. 

in the middle, and twice this distributed over the beam. 

111. The above rules are for permanent weights. 

112. We may shorten the calculations by dividing any of 
the constants by 3, which will save the trouble of reducing the 
feet to inches ; in the column for constants of elasticity, this has 
been done; calculations of this kind are generally made with 
the constants so reduced. 

113. The above rules are mostly according to Professor 

Barlow's formulae ; and the constants are obtained by the formula 

/W 
■^-fji = the constant, 

where / is the length in inches, 

W the breaking weight, 
b the breadth, 
d the depth. 
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A batten is 2"^ x 7". 

A deal is 3" x 9. 

A plank is 3" x 11" ; above this size flat timber is termed 
a slab. 

Scantling is a term used to express sectional dimensions of 
timber ; it is also applied to quartering under five inches square. 

Logs are about 13'' square and under. 

A bulk is above 13'' inches square. 
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CHAPTER XII. 



Cast Iron Girders. 

114. In a former part of this work will be found a table of de- 
flections on girders ; and the reader will find matter of interest 
in comparing this table with Mr. Hodgkinson^s valuable work 
on the strength of cast iron ; according to the rules and data 
given by this gentleman, it is usual to calculate the strength of 
cast iron girders, and to determine their dimensions. 

115. All other dimensions remaining the same, the strength 
is nearly in proportion to the sectional area of the bottom flange 
and in similar girders varying only in depth, the strength is 
nearly as the depth. The formula from which the constant is 

deducted, is W = ^— , in which W is the breaking weight, a, the 

sectional area of the bottom flange taken in the middle, d, the 
whole depth of the beam, and / the length of the beam ; from 

this we obtain C = — ,. 

a a 

116. At page 445 of the second part of his work "Tredgold 
on the strength of Cast Iron,^' Mr. Hodgkinson has reduced 
into two tables a number of constants for girders cast erect and 
cast on the side, in which the proportions of the top flange, the 
bottom flange and the web vary ; for a mean of constant in gird- 
ers cast erect, he takes 536 cwt., and cast on their side 514 cwt., 
it is usual to take 5 1 4 cwts. reduced to tons, and leaving out the 
decimals. And this is applied in practice to girders having 
their bottom flange 6 times the area of the top flange. 

117. The following is a practical rule for calculating the 
dimensions of railway girders. Multiply the length of bearing 
by 3, and take the product for a breaking weight, in tons, in the 

N 2 
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centre ; this, however, may be proportioned in any other way 
consistent with circumstances ; unless indeed, for very great 
openings it is too much, even taking into consideration the un- 
certainty of cast iron. For some time past, however, the tubular 
girder has been substituted for spans exceeding 40 ft., where we 
are restricted as regards headway ; for spans under 40 ft., we 
may for the breaking weight take 2 tons per foot of opening, 
which is, of course multiplying the bearing by 2. As an ex- 
ample we will take a 30 ft. span, 30 x 2 = 60 for breaking 
weight in tons, and if we intend to make use of Mr. Hodgkin- 
son's rules, we should endeavour to obtain at least some ap- 
proximation to the proportions of his models. In table II, 
pages 432 and 434, under experiment 4, he gives a model of 
the following proportions, 7 ft. bearing, 6".93 depth of beam, 
2".25 X .34 = .765 area of top flange, and 6".05 x .75 = 4''^375 
area of bottom flange. 

ft. in. ft. in. in. 

7 or 84 : 6.93 : : 30 or 360 : 29 ; 
then 29 neglecting decimals will be the depth of our girder ; 
now putting as before, a, for the area of the boftom flange, d, 
for the depth of the beam, 25 for the constant, I for the length 
of the beam, we have 

-7- = W; 

substituting our quantities, which are in inches and tons, we 
have 

o X 29 X 25 

3go = 60 tons, the breaking weight ; 

or 

a X 29 X 25 = 21600, 
or 

725 a= 21600; 
whence for o, the area of the bottom flange, we find 29".79 > 
call it 30". 

118. In the model girder, already mentioned, the propor- 
tion of the area of the bottom flange, to the whole area of beam is 
as 4.537 ' 7«60, making a little allowance for the hollows filled up, 
where the first is considerably more than half the latter ; were 
we to proportion our dimensions similarly, we should have too 
little metal for the web or middle part, taking into consideration 



181 

the imperfections of large castings ; let us, therefore, as is most 
usual, consider the area of the bottom flange, as one half of the 
area of the whole beam, and we shall have 60 for the sectional 
area, in inches, of the whole beam ; in the model beam, the area 
of the bottom flange is as nearly as possible, six times the area 
of the top ; for girders bearing dead weight, this is sufficient ; 
but for railway girders, liable more or less to shocks, we must 
take for the area of the top flange ^ of the area of the bottom 
flange; one-third of 30" is 10", which will be the area of the top 
flange; and 10" + 30" = 40"; 60", the whole sectional area, 
— 40" = 20" for the web ; we must now find the thicknesses 
of the flanges, and of the web ; in the model, above quoted, the 
length of the bottom flange is 6".05, and the thickness .75; this 
proportion we could not adapt, and we must assume a practical 
dimension ; if we make it 2 in., our breadth of flange will only 
be 15, for 15 x 2 = 30 area of bottom flange; this would do 
very well for a vertical dead weight, but is not sufficient for the ^ 
motion of a locomotive; but we may take 1"^; and we shall 
have 20 in, for the breadth, and 1 J in, for the thickness of the 
bottom flange ; for the top flange, we may take 8" x 1".25 = 10 
area of top flange; we have now to apportion the dimensions of 
the web; the depth of the bottom flange is IJ, and depth of 
top flange Ij, which will give 2|, which deducted from 29, 
leave 26} for the depth of the web, of which the thickness can- 
not be less than 1 in., imperceptible, and, indeed, unavoidable 
imperfections considered; this will give 26J for the area in 
inches of the web instead of 20; we have, therefore, selected a 
model of too great depth for our span, if we restrict ourselves 
to twice the area of the bottom flange for the whole of the sec- 
tional area ; we will now assume 2 ft. or 24 in., then 

^ — = 60 tons, the breaking weight, 



360 



or. 



or. 



a X 24 X 85 = 21600, 



600 a = 21600, 
whence for a, the area of the bottom flange we obtain 36 in, ; 
and 

36 X 24 X 25 antr.r.c. 
360 = ^^ ^^^^^^ 
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3^ X 2 = 7^9 equal totbe whole of sectioiud area, and ^= 12 
sectional area of cop flange ; 36 -r 12 = 43 = aieaa of top and 
bottom flanges, for the thickness of the bottom flange, we may 
take 1^ in., and the breadth of the flange will be 24 in.; 
24 X 1^ being 36; and 3x1^= 12, and we may, therefore, 
take li for the thickness of the top flange. 

1) thickness of the top flange, 

and 1^ do. of the bottom do. 
"T 
24, depth of girder, — 3 = 21, for the depth of the web ; 

and 36 area of the bottom flange, 

and 12 do. of the top do. 

4^ 
72, the whole sectional area, — 48 = 24 = area of the web, 
which is 21 deep, and which we may, therefore, make 1 -^ thick. 

119. We will now suppose, that we had made the web of 
the former girder 1 in. thick, we should haTC for its area 26i ; 
this + 30 + 10, the areas of the top and bottom flanges, would 
give 66i for the whole sectional area, instead of 72, as in the 
second case, and if we could ensure sound castings and good 
metal, we should prefer the former, on the score of economy ; 
but if this cannot be most positively ensured, both by superin- 
tendance, rigid examination, and testing of the beams, it would 
be better to take the larger dimensions. Girders should be 
connected transversely by tie rods, bolted to side brackets cast 
with the girders at about every 2 ft. apart.* 

120. During the past year some interesting experiments 
were made by Mr. Richard Roberts, formerly of the firm, 
" Sharp and Roberts,** to ascertain the comparative value of 
wrought iron tension rods, applied to strengthen cast-iron gir- 
ders ; from these experiments he found that when the larger 
flange was lowermost, the girders bore as much weight without 
the tension rods as with them, the breaking weight being a little 
above 14 cwt. ; but the beams being inverted, that is the larger 
flange being uppermost, and the tension rods applied, the break- 
ing weight was from 40 to 42 cwt. ; the increase of strength from 
change of position, being nearly threefold. 

121. In designing for cast iron, we must never for a mo- 
ment lose sight of its being the most treacherous material we 
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have to deal with ; cast of excessive thickness, it has been known 
to break under, comparatively speaking, a most trifling pressure, 
and yet when the fractured pieces were tested, they were found 
to be considerably above average strength. Again, a very slight 
blow has been known to break a girder which had for a long 
time borne the rapid passage of heavy trains ; hence, ample di- 
mensions are absolutely necessary, as well as an experienced se- 
lection of the kind of iron used, and careful superintendence 
during the casting and the testing. 



ERRATUM. 



Fig. 78, for " 4,0 " r^ad " 6,0." 
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Table of Gradibmtb. — CoiUkmed, 



One in 


Rise per Chain 
in feet. 


1 

Rise per Furlong 
1 in feet. 


Rise per Mile 
in feet 


One in 


210 


.3142 


3.14 


25.14 


210 
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3.12 
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3.11 
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b.09 


24.78 
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3.06 
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3. 


24. 
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2.98 • 


23.90 
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222 
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2.97 


23.79 
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296 
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231 


232 


.2844 


2.84 


22.75 


232 


233 


.2831 


2.83 
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239 
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22. 
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2.68 
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249 



r 
t 
I 

!; 



I: 
I 



J 



191 



Table op Gradients. — Continued. 



One in 


Rise per Chain 
in feet. 


Rise per Furlong 
in feet. 


Rise per Mile 
in feet. 


One in 


250 


.2640 


2.64 


21.12 


250 


251 


.2629 


2.62 


21.04 


251- 


252 
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2.61 


20.96 
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2.60 


20.87 


253 
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2.59 
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• 
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Tablb or OaADiBNTS. — Continmed. 



One in 


Rise per CKain 
in feet. 


Rise per Furlong 
in feet. 


Rise per Blile 
iofeet 


Oneki 
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.2275 


2.27 


18.20 
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.2268 
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• 
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327 
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2.01 


16.09 


328 


329 


.2006 


2.006 


16.04 


329 


330 


.2 


2, 


16. 


330 



EXPLANATION OF TABLES. 

TuE following tables are not intended to be applied in the same 
way as " Macneill's Tables ;^' they are for the purpose of shorten- 
ing the calculations of areas of cross sections, taken at chain 
stumps. The two cross sections below will at once explain 
this. Draw a b parallel to c dy the formation, scale ej^, g A, and 

F:c. 1. 




Fig. 2. 



I y ■ 
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at base 30, slopes 1 ^ to 1 ; opposite the depths we have the 
areas of A and A, leaving but the triangle and trapezium to 
measure by the usual means. The tables are calculated for 
Base 17, 20, 28, 30, and 31, and for slopes from ^ to I to 
3 to 1. 
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126 INIIKX. 

Seotkm. Vtige, 

Beam, building a , 100 173 

Boning 27 

Brick 105 

work 105 

arch (see arch) 
Bridges (see arch) 

width of 82 162 

timber, Chapter XI 167 

Buttresses 57 140 

Carpentry, Chapter XI 167 

Cast iron 90»91;108 

girders, deflexions on, («ee table) 120,129 

formula for calculating strength of . . 115 179 

rule for finding proportions of ... 117 179 

Centres for arches 83 162 

Counterforts 56 138 

Culverts 165 

in sidelong ground, setting out 50 85 

Deflexions on cast iron girders 120, 129 

Draming . . - . . . . § 14, p. 33 ; § 16, p. 35 ; 29 60 
Earthwork, Chapter II 

Elm 106 

Embankments, settlement of 8 28 

precautions in forming, § 23, p. 43 ; § 24, p. 44 ; 

§ 25, p. 45 ; 26 46 

Excavations in earthwork 17 37 

centre line in § 19, p. 39 ; 33 54 

prices, tables for 47 

Fencing 12 32 

Fir 87 

Foundations, register depth of 10 31 

Girders, cast iron, (see cast iron) 

Gradients 5 21 

table of „ 185 

Granite 93, 107 

Iron, wrought, (see table of specific gravities, and Mr. 

G. Rennie's experiments) 

cast, (see cast iron) 

Larch r . . 108 
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INDEX. 127 

Section. Page. 

Lead 109 

Levels, setting out 7 25 

„ of rails 34 55 

of viaducts, bridges 9 29 

of wing walls 39 63 

Limestone 109 

magnesian 110,111 

Oak 112 

experiments on 87 

Oolitic stone 112 

Pine 115 

Portland stone 113,114 

Plate-laying § 32, p. 53 ; 36 59 

Rails, laying of 33 53 

levels of 34 55 

Retaining walls, Chapter IX 130 

counterforts in 56 138 

buttresses in 57 140 

precautions in building ........ 62 144 

Sandstones 115 

Scarfing 100 173 

Setting out on the square 39 61 

skew § 45, p. 73 ; 46 79 

curves §41, p. 64; 48 81 

in cuttings • 44 71 

leveb for earthwork 7 25 

of rails 34 55 

viaducts and bridges 9 29 

„ of wing walls 39 63 

wing walls § 42, p. 66 ; 43 69 

on the skew ........ 80 

slope of 52 86 

Side cutting § 21, p. 41 ; 23 43 

Sidings or side drains 29 50 

Slips 16 35 

Slopes of earthwork - . . . 15 33 

Sleepers 31 52 

Spoil banks 20 40 

Steel ^ 120 
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